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I. 

INTRODUCTION. 

It. ri'awmnhh* to HHHumo that two stimuli may be so 

nonrly aliko that to tho unaKhul human senses they appear 
ith'jitifnl. A «‘oin flint is slightly worn seems the same in weight 
im<l thieknes.s ns om- more worn, although the. mierometer or the 
analytieul hnlanee discover a difference, fcio we apeak of indis- 
tinguishalde stimuli ami of differtmces which are just noticeable, 
with the ohvious impUi-ation that there are differences so small 
that they always pans unnoticed. Nor is this jissuraption confined 
to the rough estimnti's of [iraetical affairs; it finds expression as 
well in the p.syehologieal laboratory, where it is formulated in 
the methoil of h’Hst mitiinaihle differences, which, in all its forms, 
seek.s to measuri* tin* amount of difference which has the character 
imjdietl in its title. Constantly employed in many fruitful 
inv«*stigutiouH this nudhoil yicUls a characteristic value, that 
id’ the threshold. The method and its results arc alike dominat- 
ing features in the development of cxiierimental psychology, but 
tin* suspiidon is of long stamling that the method, by presuppos- 
ing sueli a result, is n'sponsible for its appearance. 

The notion <d' a just perceptible difference is clear as long as 
<ine eonsiib'rs single judgments in each of which a difference is 
or is not perceived. The experimenter, however, soon learns that 
such Jinlgmeiits <lo not tell the whole story that a still smaller 
ilifference might have been perceived at the time, and that the 
same .lifference at another time might be imperceptible, men 
contradictions hctw.*en the single judgments arise they can be 
obviated only by repeiitcl trials; hence the appearance of the 
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method of constant differences with its various modes of treating 
the statistical results of the repeated trials.^ 

A measure of the reasonable expectation that any particular 
amount of difference will or will not be perceived can only be 
obtained in a direct attack by the constant method upon a com- 
plete series of differences, such as that covered in the method of 
least noticeable differences. This involves carrying out both the 
standard methods together to a completeness far greater than is 
usually attempted in either. The result is a survey giving the 
frequency of each type of judgment for each amount of difference, 
from a very small one to a large one. In contrast with the 
calculations or inferences involved in the incomplete forms of 
the standard methods, this combined form may be called the 
direct method. It affords an obvious way of approaching the 
relations expressed in Weber’s law, and further, of examining 
the nature of the difference threshold itself. 

That the carrying out of a complete exploration, covering by 
small steps all the stages of difference between the stimuli, is 
entirely practicable within the limits of time prescribed by ordi- 
nary laboratory conditions, will be seen by considering the results 
of the experiments with lifted weights summarized in the 
accompanying tables. These results, covering 75,100 single 
comparisons, were accumulated with an expenditure of about 
250 hours in actual experimentation, a time which wiU not appear 
extravagant to anyone who is in the habit of counting up the 
hours put upon a special study. Of this only about thirty-five 
hours were required for the 14,000 comparisons with minimal 
differences (Table III, p. 24) which cover what is, in many 
respects, the essential part of the work. This speed can be 
maintained with satisfactory results, after only a little practice. 
Some of this time was wasted because the accumulation of data 
is greater than the proof of the points at issue requires. Perhaps, 

1 On the relation between the methods of just noticeable differences and 
right and wrong eases, cf . Kraepelin, Fhil. Studien 6, 1891, p. 493 ; MiiUer, 
GesichtspunJcte u. TatsacTien d. psychopTiysischen MethodiJc, p. 179. In some 
cases the difference between the methods can be reduced to a difference in 
handling identical data; ef. Urban, The Application of Statistical Methods 
to the Prollem of Psychophysics, 1908 ; Holt, Psych. Jdev. 11, 1904, p. 349. 
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however, there is no harm in an excess of proof when the ground 
is new. At any rate, the experimental results accumulate with 
such amazing rapidity that economy of time offers no excuse for 
the constant substitution of methods of calculation (often of 
doubtful worth) in the place of straightforward experimenta- 
tion.^ 

2 It is remarkable that among all the elaborate researches in psycho- 
physics there are non^ which present a full series of differences. The nearest 
approximations are: Lorenz, PMZ. Studien 2, 1885, sound intensities; differ- 
ences by steps of about 8% above and below standard. Merkel, Phil. St. 4, 
1887, sound; steps not less than 6%. Higier, Phil. St. 7, 1892, retinal space; 
4 standards; differences of 1, 2, 3, 4 and 5%. Kampfe, Phil. St. 8, 1893, 
sound; 4 standards; differences by steps of %% from 0 to 6%. Mosch, 
Phil. St. 14, 1898, sound; only 6 differences including zero. Wreschner, 
Meth. Beitrdge z. psychophysischen Messungen 1898, Schriften d. G ^schft f. 
Psychol. Forschung, Heft I, weights; 15 standards; differences by steps of 
5%. Keller, Psychol. Studien 3, 1907, sound; differences by steps of 6%. 
Of these only Higier gives more than 100 cases for any one difference. 
Peirce and Jastrow, Mem. Nat. Acad. Sci. 3, 1884, pressure, give series 
which are longer but marred by strong practice effects. 
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11 . 

DETAILS OF THE EXPERIMENTS. 

The present experiments are of the simplest sort. There are 
no obvious peculiarities of method or material to invalidate the 
general trend of the conclusions, or to prevent the extension of 
the argument to the judgment of differences between stimuli 
applied to other senses. Weights are particularly convenient 
because they are so easily controlled and can be handled with 
greater rapidity and accuracy than most stimuli. 

All the work was done by one observer between October 11, 
1908, and August 13, 1909. The observer was without previous 
experience in this kind of experiment and without prejudice or 
any definite understanding of the purpose of the experiment or 
of the experimenter’s expectations regarding the outcome.^ 

The weights, consisting of cylindrical tin boxes 2.5 cm. high 
and 4.5 cm. in diameter, with a ridge around the barrel half-way 
up, loaded with shot and parafSne, carefully centered and painted 
black, were lifted between the right thumb and middle finger, 
from above, with a full-arm movement. They were lifted from a 
silent, flat pad on the knees of the observer, who always occupied 
the same comfortable low chair, so that the relative position of 
hand and weight was kept as constant as possible. The weights 
were indistinguishable by sight (being labeled on the bottom), 
but the observer did not look at them nor at the record sheet. 

The weights were weighed to .001 gram and checked up fre- 
quently, never being found to have changed as much as .01 gram. 
In the series with minimal differences they were kept true to 
within .002 gram. 

The first set of experiments was performed between October 
11, 1908, and March 11, 1909. It comprises the first 22 series of 

3 To the writer’s wife, Jessie Millikeii Brown, is due the credit for the 
perseTering help as observen which made these esperiments possible. 
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Table I, pp. 14-15, and is broken up into the Groups A to V of 
Table II, pp. 16-17. These data are used in the discussion of the 
distribution of judgments, the threshold, Weber’s law, time and 
space factors, practice, and variability. They comprise in all 
41^800 judgments. 

In this set the differences between the weights ran by steps 
of one per cent, from 1% to 18% increase over the standard. 
Accordingly all the judgments were judgments of ‘ ‘ greater. ’ A 
difference of one-half of one per cent, was also included in the 
series, making nineteen members in aU. The space order remained 
the same throughout an entire group of experiments. Thus the 
left-hand weight was lifted second throughout Groups A to F of 
Table II. Three standard weights were used in rotation to avoid 
heating from the hand. In this set the experimenter knew the 
position of the weights before they were set down for the 
observer to lift. It does not appear that this possible source of 
error, which was necessitated by the procedure adopted, had any 
bad influence on the results. 

At one sitting five series, of 38 comparisons each, were taken, 
and in each series the order of the weights was determined by 
chance save that the standard came first as often as it came 
second. In this way 190 comparisons, taking about forty minutes, 
were made at each sitting. One or two sittings were had daily. 
They were seldom more than twenty-four or less than eight hours 
apart. ‘^Warming up’' series were taken only when there was 
some change in standard or in space order ; otherwise every judg- 
ment was recorded. 

The height and speed of lifting, which were left to the 

4 In many respects it would be preferable to use differences below as weU 
as above tbe stanc^rd. But this involves judging in two sets of terms — 
‘ ' greater ’ ’ and ' ‘ less ^ ^ — e.g., a weight of 97 is either ‘ ' less ’ ’ than 100 or 100 
is greater” than 97, but judgments about standard 97 do not really con- 
tribute to a series which is started in terms of standard 100. There is as yet 
no empirical justification for the assumption that one of these judgments is 
psychologically equivalent to the other; cf. Martin and Muller, Analyse d. 
TJnterscMedsempfindlichJceit, pp. 7, 24, etc., and consider how seriously their 
conclusions would be affected by a personal tendency on the observer 's part 
to give more '^less” answers than '^greater.” Cf. Wreschner, op. cit. p. 61. 
Bor the present purposes one definite direction of difference and a clear type 
of judgment based upon that direction is essential, and sufiS-cient. 
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observer to choose, were fairly constant at about 5 cm. height and 
a time of about % sec. for each lift, with % see. between lifts. 
There was an interval of about 3% sec. between pairs and six 
minutes between series. Judgment — expressed by pushing for- 
ward, without further lifting, the weight chosen as heavier — ^was 
often indicated simultaneously with the return of the second 
w^eight to the pad; it was never delayed more than % second. 
The observer was required to indicate in every instance which of 
the two weights seemed heavier, and in case no clear difference 
appeared, to guess. In all not over a dozen comparisons had to 
be repeated on account of hesitation or inability to decide. 

The observer’s attention was kept off from the time and space 
order and at the same time centered upon the main business in 
hand by avoiding all reference to first” or ‘‘last;” “right” or 
“left.” The one idea “this is heavier” was thus kept to the fore 
and the observer had only to point out the weight upon which the 
judgment fell. It will be shown later that this Fechnerian pro- 
cedure is inferior in some respects to that of Muller and Schu- 
mann in which judgment falls always upon the second weight.® 
The procedure adopted is however, the simplest and gives wholly 
satisfactory results. 

The second set of experiments, performed between April 20 
and June 7, 1909, consists of the ten series of Table III, p. 24, 
embracing in all 14,000 cases. The differences ran by steps of 
0.2 gram from 97.8 to 100.4. The number of standard weights 
was now increased to equal the number of pairs (14) in the series, 
and the pairs were re-mated at frequent intervals. This policy 
was pursued throughout the remaining experiments (except series 
23, Table I) and from this time on the experimenter did not 
know the relative position of the weights till after the judgment 
had been passed. The time interval between pairs was reduced 
to 2 seconds and no regular pauses were made during the sitting. 

5 See p. 50, below. 

The advantages claimed by Martin and Miiller, p. 185, in the matter of 
ease in handling the data are wholly imaginary; they fail to bring out the 
greater uncertainty of the judgment in the Peebnerian procedure as indicated 
in their tables (p. 187) by a greater number of '‘equal” answers. 
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From 250 to 300 judgments were now made at a sitting. These 
data afifect the discussion of the threshold, practice, variability, 
and other points. 

In the third set, performed between June 19 and July 14, 
1909, there were twenty pairs of weights, as indicated in Table 
IV, p. 31. There were 6,000 judgments in the set. The condi- 
tions were the same as in the one before save that the observer 
had to say whether the second weight was the same or heavier 
than the first. These data are used in criticizing the use of 
equivocal answers and in summing up on the threshold.’’ 

The fourth set is composed of three groups of 200 cases each 
with nineteen pairs of weights in the set, making 11,400 cases in 
all (Table VII, p. 42). This work was done between July 16 
and August 8, 1909. The data show the effect upon the distribu- 
tion, of different forms of expressing the judgment, and together 
with the preceding sets, the effect of the number and magnitude 
of the weights comprising the experimental series. 

The fifth set repeats the conditions of the first set for the 
purpose of providing a check. It comprises only one series (the 
23d in Table I) of 1900 cases and was carried out between August 
9 and 13, 1909. 
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in. 

THE DIFFERENCE THRESHOLD. 

Just how much significance there is in the concept of the 
difference threshold will only be known after the accumulation of 
experimental observations covering a number of complete explora- 
tions of the various fields in which judgments of difference are 
met. The accompanying tables present the results of such an 
exploration in but a narrow portion of one field. 

The results of twenty-two successive experimental series of 
100 cases each are given in Table I. It exhibits the number of 
correct judgments given upon the comparison of each standard 
weight with other weights differing from it by the amounts 
indicated, the figures being arranged in series of 50 to exhibit 
each possible time and space order separately. These data are 
then combined in the various groups of Table II, some of which 
are again represented graphically in fig. 1 (page 20). 

The principal evidence concerning the difference threshold is 
in Groups P to Y (Table II and fig. 1). Here the standard of 
100 grams was compared with each of the nineteen heavier 
weights 1400 times (Group Y), that is, 350 times in each of the 
four possible time and space orders.® Besides the constant and 
unavoidable illusions due to the order of presenting the weights 
(these will be considered in detail later), there are irregularities 
due either to chance or to idiosyncrasies of the observer, as for 
instance the exceptional number of correct judgments on the 
difference of 10 or 11 per cent, as compared with 12 or 13 per 
cent. None of those irregularities, however, obscures in the least 

6 These orders as indicated in the tables are : 

Second weight greater than and to the left of the first (Grronp P). 

Second weight less than and to the left of the first (Group Q) . 

Second weight greater than and to the right of the first (Group S). 

Second weight less than and to the right of the first (Group T) . 

The standard is the lesser weight throughout this set of experiments. 
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the principal fact that even very slight differences of weight 
are at times recognized and that each slight increase in the 
amonnt of difference brings with it an increase in the frequency 
with which the difference is recognized. There is no difference 
down to 1% which cannot be recognized occasionally, and there 
is no difference up to 18% which will not be overlooked 
occasionally.'^ 

The experimental results can be stated most simply in terms 
of attention. Not only are there states of critical attention in 
which very small differences are correctly noted, such small 
differences that they are usually overlooked, but these same small 
differences make themselves felt when attention is normal or sub- 
normal. A difference of 1% at any stage increases the number 
of right judgments. A difference so large as 17% is not per- 
ceived as many times as 18% and it must be that it escapes 
notice when a further increase of so little as one per cent, would 
turn the balance of judgment. 

A difference of 10% between weights of 100 grams and 110 
grams yields an average of 93.6 correct judgments per hundred 
with a mean variation of 3 for the fourteen series of a hundred 
cases. (Group Y, Table II). In other words, the attention was 
so poor that this difference was overlooked six or seven times in 
every hundred. Some part of those errors must of course be 
assigned to irregularities in the physiological mechanism. Such 
irregularities would result in the misrepresentation of one of 
the individual stimuli, and in the end, would produce a mis- 
judgment of the relation between the stimuli. But whether 
the lapses be due to lack of a veracious sensory impression from 
one or the other weight or whether they be due to a more general 
inattention and failure to coordinate properly the separate 
impressions, makes little difference in the end. The result is a 
failure, through the fault of sensory or central processes, in the 

7 The whole treatment of the method of right and wrong eases by Spear- 
man, Brit. Journ. Psychol. 2, 1908, p. 227, rests upon the assumption that no 
errors will occur if the difference is large enough. There is no indication in 
the present results that such a difference can be looked for far short of the 
point at infinity where it is required by the theory of probabilities to lie. 
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TABLE L 


Number of correct judgments out of 50 for each amount of difference. 

r, . St^dard 2ixd Weight in Amotmt of Difference in per cent, of Standard 

Series in Grams Relation to 1st 0.5 1 2 3 4 5 6 


la 

100 

greater, left 

27 

31 

28 

36 

41 

41 

43 

2a 

100 

greater, left 

20 

29 

29 

35 

36 

40 

43 

3a 

100 

greater, left 

25 

31 

34 

33 

41 

40 

37 

4a 

100 

greater, left 

26 

26 

27 

34 

33 

86 

44 

5a 

100 

greater, left 

26 

31 

32 

40 

37 

39 

46 

lb 

100 

less, left 

28 

25 

34 

34 

33 

33 

40 

2b 

100 

less, left 

27 

27 

36 

41 

38 

40 

41 

3b 

100 

less, left 

30 

30 

27 

27 

32 

37 

41 

4b 

100 

less, left 

31 

34 

27 

30 

39 

40 

38 

5b 

100 

less, left 

22 

22 

25 

26 

35 

34 

35 

6a 

50 

greater, left 

27 

33 

32 

33 

40 

42 

39 

7a 

50 

greater, left 

23 

24 

27 

27 

35 

32 

32 

8a 

50 

greater, left 

24 

25 

26 

36 

34 

33 

40 

9a 

50 

greater, left 

23 

28 

31 

33 

88 

29 

37 

10a 

50 

greater, left 

29 

22 

23 

29 

40 

37 

37 

6b 

50 

less, left 

22 

30 

24 

29 

37 

32 

37 

7b 

50 

less, left 

31 

30 

33 

29 

37 

36 

43 

8b 

50 

less, left 

20 

26 

34 

36 

38 

37 

41 

9b 

50 

less, left 

30 

26 

32 

33 

29 

36 

41 

10b 

50 

less, left 

27 

26 

32 

28 

27 

37 

40 

11a 

50 

greater, right 

20 

22 

27 

28 

30 

35 

34 

lib 

50 

less, right 

26 

25 

27 

37 

40 

38 

42 

12a 

100 

greater, right 

24 

26 

26 

32 

40 

44 

39 

13a 

100 

greater, right 

21 

28 

33 

37 

31 

39 

37 

14a 

100 

greater, right 

21 

22 

22 

34 

42 

44 

33 

15a 

100 

greater, right 

14 

25 

29 

37 

29 

34 

37 

16a 

100 

greater, right 

25 

27 

29 

34 

39 

44 

42 

12b 

100 

less, right 

38 

34 

36 

35 

38 

47 

46 

13b 

100 

less, right 

24 

27 

37 

41 

38 

47 

43 

14b 

100 

less, right 

25 

27 

33 

35 

36 

42 

42 

16b 

100 

less, right 

29 

31 

29 

39 

34 

37 

42 

16b 

100 

less, right 

21 

25 

31 

35 

33 

39 

36 

17a 

100 

greater, left 

27 

24 

29 

33 

42 

37 

36 

17b 

100 

less, left 

33 

27 

34 

35 

35 

37 

44 

18a 

100 

greater, right 

28 

30 

32 

37 

32 

41 

41 

18b 

100 

less, right 

20 

30 

32 

33 

32 

40 

43 

19a 

100 

greater, left 

36 

29 

37 

36 

89 

43 

43 

19b 

100 

less, left 

30 

32 

32 

36 

40 

45 

47 

20a 

100 

greater, right 

34 

31 

33 

39 

39 

37 

41 

20b 

100 

less, right 

29 

30 

30 

31 

36 

37 

38 

21a 

150 

greater, left 

22 

27 

29 

43 

36 

44 

40 

21b 

150 

less, left 

25 

31 

32 

39 

44 

42 

46 

22a 

150 

greater, right 

25 

30 

34 

36 

40 

44 

43 

22b 

150 

less, right 

24 

23 

29 

35 

34 

39 

39 

2da 

100 

greater, left 

25 

25 

29 

31 

42 

42 

46 

23b 

100 

less, left 

26 

33 

35 

38 

34 

43 

41 


1% \h 
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TABLE I — (Continued), 

Numler of correct judgments out of 50 for each amount of difference. 

Amount of Difference in per cent, of Standard 


Series 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

la 

49 

48 

46 

46 

49 

47 

50 

50 

49 

50 

50 

50 

2a 

40 

43 

44 

46 

49 

47 

48 

49 

48 

48 

49 

50 

3a 

38 

45 

47 

49 

50 

48 

50 

50 

49 

49 

50 

50 

4a 

42 

48 

48 

48 

48 

50 

49 

50 

49 

50 

50 

50 

5a 

44 

46 

45 

49 

49 

60 

49 

50 

50 

49 

50 

50 

lb 

40 

36 

42 

40 

47 

39 

43 

46 

47 

48 

48 

48 

2b 

41 

43 

47 

45 

46 

47 

46 

44 

50 

48 

50 

50 

3b 

39 

43 

36 

45 

44 

45 

47 

48 

46 

48 

48 

46 

4b 

37 

39 

42 

48 

46 

45 

46 

46 

49 

46 

50 

48 

6b 

37 

34 

43 

40 

44 

42 

42 

44 

47 

46 

46 

50 

6a 

45 

43 

44 

44 

47 

49 

50 

49 

49 

49 

47 

50 

7a 

39 

41 

32 

42 

45 

43 

45 

43 

48 

50 

48 

48 

8a 

42 

44 

44 

45 

46 

49 

50 

49 

48 

48 

47 

50 

9a 

40 

44 

46 

47 

46 

46 

47 

48 

50 

50 

50 

50 

10a 

42 

45 

42 

45 

47 

46 

47 

49 

49 

47 

50 

50 

6b 

40 

44 

36 

43 

47 

41 

38 

45 

44 

48 

48 

46 

7b 

41 

44 

45 

43 

44 

48 

45 

48 

46 

49 

48 

50 

8b 

41 

41 

47 

43 

44 

43 

48 

49 

48 

60 

49 

48 

9b 

45 

44 

37 

44 

45 

46 

49 

48 

49 

49 

48 

50 

10b 

43 

47 

47 

49 

48 

49 

46 

48 

49 

48 

50 

50 

11a 

35 

37 

44 

40 

44 

42 

48 

45 

48 

49 

49 

47 

11b 

47 

44 

44 

42 

44 

49 

49 

49 

49 

50 

50 

50 

12a 

45 

42 

47 

48 

48 

49 

49 

49 

50 

50 

50 

50 

13a 

46 

42 

48 

47 

50 

49 

50 

50 

50 

50 

50 

50 

14a 

46 

42 

46 

45 

50 

48 

48 

50 

49 

50 

50 

50 

15a 

43 

47 

44 

47 

48 

49 

50 

49 

50 

49 

50 

50 

16a 

42 

45 

44 

49 

49 

50 

47 

50 

50 

50 

50 

50 

12b 

45 

44 

45 

49 

50 

49 

48 

50 

50 

50 

49 

50 

13b 

47 

45 

46 

47 

48 

50 

49 

49 

50 

50 

50 

49 

14b 

38 

45 

45 

44 

49 

48 

50 

50 

49 

50 

49 

50 

15b 

43 

42 

45 

50 

49 

48 

50 

49 

49 

50 

. 50 

50 

16b 

41 

44 

41 

46 

45 

48 

47 

49 

48 

50 

50 

60 

17a 

41 

48 

44 

48 

50 

50 

46 

49 

49 

50 

50 

50 

17b 

43 

45 

45 

48 

47 

47 

47 

49 

49 

49 

49 

49 

18a 

43 

45 

47 

49 

50 

48 

49 

50 

49 

49 

50 

50 

18b 

44 

40 

47 

43 

47 

48 

47 

48 

49 

50 

49 

50 

19a 

48 

45 

49 

50 

50 

49 

50 

50 

50 

50 

50 

50 

19b 

45 

48 

43 

49 

49 

49 

50 

49 

50 

50 

50 

50 

20a 

42 

50 

49 

47 

49 

50 

50 

50 

50 

50 

60 

60 

20b 

43 

42 

39 

49 

46 

46 

50 

49 

49 

49 

48 

50 

21a 

49 

45 

49 

48 

48 

49 

50 

49 

50 

50 

50 

50 

21b 

42 

50 

46 

49 

47 

49 

49 

49 

50 

49 

50 

50 

22a 

47 

48 

48 

48 

47 

49 

50 

50 

50 

50 

50 

50 

22b 

43 

44 

43 

47 

45 

45 

48 

47 

49 

47 

49 

49 

23a 

47 

49 

47 

49 

50 

50 

50 

50 

50 

50 

50 

50 

9.!{h 


43 

da 

47 

d<^ 

46 

.50 

.50 

dR 

.50 

.50 

.50 
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TABLE ir. 

Average nuvnber of correct judgments for each amount of difference » 


Average Standard 2nd Weight 

of in in Relation Difforencea in per cent, of Standard 

Series Grams to Ist 0.5 1 2 3 4 5 0 


A 

la«*5a 


100 greater, left 

24.8 

20.4 

30 

35.6 

87.6 

89.2 

421. <1 



9n.v. 

of the 5 series of SO 

2,9 

1.9 

9.4 

1.9 

9.7 



B 

6a.I0a 


50 greater, left 

25.2 

26.4 

27.8 

81.6 

87.4 

84.6 

Z*T 




of the S series of SO 

2.9 

$,3 

9 

9.9 

9.9 

9.9 

S9 

0 

lb-5b 


100 less, left 

27.6 

27.6 

29.8 

31.6 

85.4 

86.8 

30 



m.v. 

of the S series of SO 

2.B 

9.5 

4,2 

4.7 

9.9 

9.6 

M 

D 

6b-10b 


50 leas, left 

26 

27.0 

81 

81 

83.6 

85.6 

40.^ 



m.v. 

of the 5 series of SO 

4 

1.9 

9.3 

9,8 

4.9 

1.4 


E 

1-6 <a 4- h) 


100 left 

52.4 

57 

59.8 

67.2 

78 

76 




m.v. of the 5 eeries of 200 

$,9 

9.4 

9.4 

4.6 

.8 

9 

jt^r 

F 

6-10 (a 4* b) 


60 loft 

51.2 

54 

58.8 

62.6 

71 

70 '' 




m.v. of the 5 eeriet of 100 

4 

3.6 

9,6 

4.7 

9.9 

9 


G 

9 <a4-b) 


SO left 

53 

54 

63 

60 

67 

65 

714 

H 

5 (a4‘b) 


100 loft 

48 

53 

57 

oel 

72 

73 

B t 

I 

21 (a + b) 


150 loft 

47 

58 

61 

82 

80 

86 

&a 

J 

11 <a + b) 


50 right 

46 

47 

54 

05 

70 

73 

741 

K 

16 <a + b) 


100 right 

40 

52 

50 

<19 

72 

83 

7*4 

L 

22 (a 4* b) 


160 right 

49 

53 

03 

71 

74 

83 


M 

9, 11 (a 4 b) 


50 all orders 

49.5 

50.5 

59.6 

05.5 

08.5 

09 

7-7 

N 

6, 16 (a 4 b) 


100 all orders 

47 

52.5 

53.5 

07.5 

72 

78 


0 

21, 22 (a 4 b) 

150 all orders 

48 

55.6 

02 

70.5 

77 

84.5 


P 

1-6, 17, 19 (a) 

100 greater, left 

20.7 

28.0 

30.9 

35.3 

38.4 

39.4 

4 1 .7 



m.v. 

of the 7 series of SO 

9,7 

9.6 

9 

1.9 

9,7 

1.8 

M 

g 

1-6, 17, 19 (b) 

too less, left 

28.7 

28. 1 

30.7 

32.7 

30 

38 




m.v, of the 7 eerUe of SO 

9,9 

S,3 

9.7 

4,3 

9.7 

9.1 


E 

1-6, 17, 19 (a 4 b) 

100 left 

5.5.4 

50.7 

01.0 

08 

74.4 

77.4 




m.v of the 7 eeriee of 200 


9.1 

9.4 

4 

9 

9.9 


S 

12-16, 18, 20 (a) 

100 greater, right 

211.9 

27 

29.1 

35.7 

30 

40.4 

HH-.m 



m.v. 

of the 7 series of SO 

4,H 

9.9 

9 

9 

4.6 

9.4 

S6 .. 

T 

12-10, 18, 20 (b) 

100 less, right 

20.0 

29.1 

32.4 

35.0 

35.3 

41.3 




m.v. of the 7 Mfriee of SO 

4,8 

9.4 

9.9 

9.9 

9 

9 

s? , m 

U 

12-10, 18, 20 (a 4 b) 100 right 

50.0 

50.1 

01.7 

71.1 

71.3 

81.7 




m.v of the 7 eerire of lOO 

&.H 

9.9 

9.9 

9.9 

S.2 

9.5 


V 

1-5, 12-20 (a 4 b) 

100 all orders 

58 

56.4 

6i.e 

69.5 

72.8 

79.5 

aim 


m,v, of the ii 4«n>#r 0 / lOo 

0.H 

9.9 

3.6 

9,9 

9.9 

S.H 










%'H 




^ ^ %lk ^ '9|[ Ol ’Ik 
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TABLE H — (Continued). 

Average number of correct judgments for each amount of difference. 


2 Differences in per cent, of Standard 


o 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

A 

42.6 

46 

46 

47.6 

49 

48.4 

49.2 

49.8 

49 

49.2 

49.8 

50 

m.v. 

8.1 

2 

1.2 

1.8 

.4 

1.3 

.6 

.3 

.4 

.3 

.3 


B 

41.6 

43.4 

41.6 

44.6 

46.2 

46.6 

47.8 

47.6 

48.8 

48.8 

48.4 

49.6 

m.v. 

1.7 

1.1 

5.S 

1.3 

.6 

1.9 

1.3 

1.3 

.3 

1 

1.3 

.3 

C 

38.8 

39 

42 

43.6 

45.4 

43.6 

44.8 

46 

47.8 

47.2 

48.4 

48.4 

m.v. 

1.4 

3.2 

9.4 

2.9 

1.1 

9.5 

1.3 

.3 

1.4 

1 

1.3 

1.3 

D 

42 

44 

42.4 

44.4 

45,8 

45.4 

45.2 

47.6 

47.2 

48.8 

48.6 

48.8 

m.v. 

1.6 

1.2 

4.7 

1.3 

1.4 

9.7 

3 

1 

1.3 

.3 

.7 

1.4 

E 

81.4 

85 

88 

91.2 

94.4 

92 

94 

95.8 

96.8 

96.4 

98.2 

98.4 

m-v. 

8 

9.4 

9 

3 

.9 

9.4 

1.6 

1 

1 

.9 

1 

1.3 

F 

83.6 

87.4 

84 

89 

92 

92 

93 

95.2 

96 

97.6 

97 

98.4 

m.v. 

1.7 

9.1 

4.8 

9.3 

9 

1.9 

3.9 

9.9 

9 

1.3 

1.3 

1.3 

0 

85 

88 

83 

91 

91 

92 

96 

96 

99 

99 

98 

100 

H 

81 

80 

88 

89 

93 

92 

91 

94 

97 

95 

96 

100 

I 

91 

95 

95 

97 

95 

98 

99 

98 

100 

99 

100 

100 

J 

82 

81 

88 

82 

88 

91 

97 

94 

97 

99 

99 

97 

K 

83 

89 

85 

95 

94 

98 

94 

99 

98 

100 

100 

100 

L 

90 

92 

91 

95 

92 

94 

98 

97 

99 

97 

99 

99 

M 

83.5 

84.5 

85,5 

86.5 

89.5 

91.5 

96.5 

95 

98 

99 

98.5 

98.5 

N 

82 

84.5 

86,5 

92 

93.5 

95 

92.5 

96,5 

97.5 

97.5 

98 

100 

0 

90.5 

93.5 

93 

96 

93.5 

96 

98.5 

97.5 

99.5 

98 

99.5 

99.5 

P 

43.1 

46.1 

46.1 

48 

49.3 

48.7 

48.9 

49.7 

49.1 

49.4 

49.9 

50 

m.v. 

3.8 

1.6 

1.6 

1.1 

.6 

1.2 

1 

.4 

.5 

.7 

.2 


Q 

40.3 

41.1 

42,6 

45 

46.1 

44.9 

45.9 

46.9 

48.3 

47.9 

48.7 

48.7 

m.v. 

2.3 

4.1 

2.1 

2.9 

1.3 

9.5 

1.3 

1.3 

1.4 

1 

1.2 

1.3 

B 

83.4 

87.2 

88.7 

93 

95.4 

93.6 

94.8 

96.6 

97.4 

97.3 

98.6 

98.7 

m.v. 

4.5 

3.5 

9 

3.7 

1.4 

2.8 

2.3 

1.5 

1.9 

1.5 

1.1 

1.2 

S ' 

43.8 

44.7 

46.4 

47.4 

49.1 

49 

49 

49.7 

49.7 

49.7 

50 

50 

m.v. 

1.5 

9.7 

1.5* 

1 

.7 

.6 

.9 

.4 

.4 

.4 



T 

43 

43.1 

44 

46.9 

47.7 

48.1 

48.7 

49.1 

49.1 

49.9 

49.3 

49.9 

m.v. 

2 

1.6 

9.3 

2.1 

1.5 

.3 

1.9 

.5 

.5 

.2 

.3 

.3 

TJ 

86.8 

87.8 

90.4 

94.3 

96.8 

97.1 

97.7 

98.8 

98.8 

99.6 

99.3 

99.9 

m.v. 

2.7 

1.8 

9.7 

9.9 

1.7 

1 

1.3 

.5 

.7 

.5 

.3 

.3 

V 

86.1 

87.5 

89.5 

93.6 

96.1 

95.3 

96.2 

97.7 

98.1 

98.4 

98.9 

99.3 

m.v. 

3.9 

9.7 

9.4 

3 

1.6 

9.4 

9.5 

1.4 

1 

1.4 

.3 

.9 


, ^ I 
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apprehension of an actual difference between the stimuli which, 
at a moment of better local or general attention, did not fail to 
make itself felt. 

At 18% of difference such lapses of attention occurred only 
seven times in a thousand trials, while with only 1% of difference 
between the weights they occurred 436 times in a thousand. When 
there are only 7 mistakes in a thousand, as is the case with a 
difference of 18%, they are readily accounted for as lapses of 
attention. But there are 11 mistakes at 17% and 16 at 16%; 
at 7% there are 149, and at 1% there are 436. Are we to say that 
the explanation which holds for 7 mistakes in a thousand will 
not hold for 11 ? There is no very apparent difference between 
the cases. But why stop at 11 or 16 ? The case is no different 
for 149 or for 436. It is unusual, indeed, to find such a multitude 
of lapses and perhaps another name would better fit the case, 
but certainly there is no point in the series at which a line can 
be drawn on one side of which all the roistakes are of one sort 
while on the other side they are of another sort. 

When such a liue is taken arbitrarily for certain practical 
purposes, it may be called, properly enough, the threshold. But 
in that case the threshold means a difference which can win the 
attention so many times in every hundred trials. The number of 
times per hundred which is to be selected as the threshold value 
is determined by extraneous considerations such as the mathe- 
matical advantage afforded by the probable error, or the experi- 
mental advantages of such percentages as prove to be least (or 
most) affected by practice or by order of presentation- The 
particular number of correct judgments which some difference 
between stimuli yields is not itself significant ; a ratio of 50 or 
75 per hundred has no advantage over any other. The various 
numbers yielded by various differences form a continuously 
graded series, in which the quality of the judgment must be 
regarded as a constant, independent of the number of times it 
occurs. 

Even those who define the threshold in unexceptionable 
mathematical terms as the point where half or three-quarters of 
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all the answers are right, are however, prone to slip back into 
expressions which imply that judgments below the threshold, 
if they do occur, as they must according to the theory of prob- 
abilities, are somehow different from those above. They are apt 
to attribute to the threshold a real existence as a turning-point 
for judgment — ^the point where judgments of difference emerge 
from the region where no difference is felt — and this inclination 
gives to the mathematical definition a psychological interpreta- 
tion which does not belong to it. 

That Weber’s law is so commonly stated in terms of thresholds 
rather than of 40 or 90 per cent, of correct judgments is only one 
indication of this silent assumption that the threshold is a par- 
ticularly noteworthy or critical point in the judgment series. 
The constant employment of the method of just noticeable differ- 
ences, as well as the retention of equal” or ‘‘no difference” 
judgments in the method of right and wrong eases, despite the 
warnings many years ago of Cattell and Jastrow, has fostered the 
idea that it is desirable to find a point where a difference in 
sensation first appears, just as it is deemed desirable to find a 
point in the scale of physical intensities where a sensation quality 
first appears. The actual distribution of errors does not, how- 
ever, indicate that there is a virtue in any particular number of 
judgments by which one is warranted in asserting that if there 
were fewer of them they must be different in kind. So far as 
the threshold implies that ‘sub-liminal’ differences provoke a 
judgment different in quality from those due to larger differ- 
ences, it is a misleading concept, and unsupported by fact. 

Even if it be true that a greater feeling of confidence accom- 
panies judgments which are based on considerable differences 
and that loss of assurance follows upon an increase in the number 
of errors, it is only a change in the observer’s thought about his 
judgment and does not affect the actual frequency of the judg- 
ments. The question is, can a difference be perceived or not? 
It matters little what the confident feelings of the observer may 
be, so long as he can perceive the true relations some part of the 




Pig. I.~Tlie number of correct answers per hundred (measured from 50 up) fox each amount of diSeience ixom 
fb freading toward the right from either of the three origins at 0), The horizontal lines lepiesent 
‘ » f ft-r tuh mmi c>f difereiw fit) for #a Weal datribution bj cbiuce. Data 
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time eorroetly.** The experiment shows that even very small 
differences are perceived correctly part of the time and that 
tln^y always t(md to increase the number of right judgments. 
Tht‘re is no evidence of the existence of a difference threshold in 
the ordinary s<*nae of the term. Its reported appearance is 
generally attributable to an error of experimental method which 
will be considered directly; very often a feeling of assurance is 
miHtakcn for its appearance; in the remaining cases it will bear 
restatement in terms of the ratio between the number of right 
and wrong judgments. 


» Apimrtuitly the only attempt to diacovor the actual course of judgments 
for %*ery anmll iltlferonces is the classic work of Poirco and .Tastrow, Mem, 
Nat, AmiU SH, 3, IHH4. They make out clearly that small differences give a 
mujority of right answers, hub the force of this evidence in criticism of the 
ortliuary conception of the threshold lias since been almost wholly ignored. 
They used a methotl of <louble comparison and they encountered an improve- 
ment with practice by which each difference increased in clearness during 
the course of each mmm. The present experiments without those peculiarities 
and with a very hmg series give assurance of the justice of their attack on 
the threshold. 
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IV. 

THE PEECEPTION OP MINIMAL DIFFERENCES. 

At tlie beginning the observer was wholly unused to repeat- 
ing a judgment of small differences time after time in the 
manner required by the conditions of such experiments, and her 
interest could not be maintained at a proper pitch without 
constant correction and the assurance that each difference was 
yielding a majority of correct answers. Differences so small that 
they would not yield a fair majority of right judgments were 
therefore precluded, and the region just about the point of 
apparent equality remained unexplored, leaving the possibility 
that differences less than one-half of one per cent, (the smallest 
of the series) might be virtually equal to zero. There was the 
possibihty also that the zero point might be seriously displaced 
by some of the constant tendencies which are known to affect 
judgments of this kind and in that case the number of correct 
answers yielded by the difference between 100 and 100.5 would 
be deceptive because two weights of 100 would not appear equal 
and would not afford the proper starting point for calculation. 

When, therefore, at the end of some five months of practice 
once or twice daily, the observer ceased to take much interest in 
the corrections or in the preponderance of right answers, it 
seemed desirable to introduce cases involving little or no differ- 
ence and slight negative differences as well. 

In the new series the standard was kept at 100 grams and the 
differences ran by steps of 0.2 gram above and below this. 
There were fourteen pairs ranging from 97.8 grams to 100.4. No 
corrections were made, and the experimenter did not know what 
pair had been given until after judgment was passed by the 
observer. In all other significant respects the conditions were the 
same as those of the preceding series. 
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Since the dilfference betwen the various time and space orders 
has no immediate connection with the discussion of the threshold, 
only one arrangement was used in the series; the standard was 
always on the right-hand side and lifted first. This corresponds, 
essentially, to Group P of the preceding series (2d greater and 
left) for the second feels greater the larger part of the time even 
though it is generally less in actual weight. Needless to say the 
observer was ignorant of the arrangement of the weights. 

The observer was by this time fully aware of her tendency to 
call the left-hand (second) weight heavier, and she was given 
to understand that it would appear so somewhat more than half 
the time. Since it was not possible to predict the force of this 
constant tendency nor to guarantee its constancy, no attempt was 
made to get the same number of differences above and below the 
point of apparent equality. Preliminary exploration gave 98.6 
as the weight which would appear equal to 100, and four steps 
were taken below this to allow a safe margin ; but as a matter of 
fact 98.4 is the weight that balances 100 and only three of the 
fourteen weights are below this. The second weight was judged 
heavier than the other 7786 times out of the 14,000 trials. 

The results of 1000 judgments on each of the fourteen pairs 
are given in Table III and fig. 2. Each increment of 0.2 
gram produces a corresponding increase in the number of times 
the second weight is judged heavier than the standard. With the 
standard preceding and on the right hand, a second weight of 
98.4 appears almost equal to it, i.e., either weight is judged to be 
heavier the same number of times. If however, the second weight 
is as much as 0.2 gram (two parts in a thousand of the standard) 
heavier or lighter it does not, in the long run, appear equal. 
This absolute increment is small, and the relative increment very 
small. It is not necessary to employ smaller differences in order 
to show that any difference, no matter how small, is perceptible 
in the course of a number of trials sufficient to eliminate acci- 
dental disturbances. There is no ‘‘least perceptible difference’’; 
the threshold has passed the vanishing point. 

The threshold is not a point in the scale of differences such 
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that a smaller difference wiU always appear equal to no differ- 
ence ; so much is indicated by these experiments. The previous 
experiments with larger differences indicate that it is not a 
point such that larger differences are always perceived cor- 
rectly. The only conception of the threshold which is compatible 
with observation is that of a difference which yields a certain 
proportion of right and wrong answers. In this case the term 
becomes merely a short expression for a statistical relation with 
which it has no intrinsic connection, and may become a source 
of confusion because equally applicable by different persons to 
different proportions of right and wrong answers. 

If it is true, as these experiments seem to prove, that the 
threshold has no significance beyond the statement of an arbitrary 
mathematical relation between the frequencies of different judg- 
ments, would it not be better to omit the term altogether and 
retain only the direct statement of the frequencies ? If one means 
to say that 50% of the answers are right, it would seem more 
simple to state that ratio without cumbering it with the dubious 
implications of the traditional term ‘^threshold.’’ 

If, on the other hand, the threshold can justify its existence 
in purely psychological terms as the point where differences first 
seem to become perceptible, it will more than ever forfeit its 
claim to employment in an exact mathematical discussion. Each 
experimenter who employs it with a real psychological meaning 
will do well to eschew statistical treatment until he can show for 
what proportion of right answers he is making it stand and 
within what limit it actually represents that figure. 

The conditions of experimentation usually preclude a correla- 
tion of the proportion of right and wrong judgments with the 
feelings of confidence which determine the subjective threshold 
of perception. But without a special correlation between them it 
is not proper to speak of the one as if it had meaning in terms 
of the other, of the subjective threshold of doubt or certainty as 
if it implied a normal majority of right judgments, or of the 
mathematical threshold at 50% as if that figure necessarily 
marked the division between uncertainty and confidence. 
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On the whole, much misunderstanding will be avoided by con- 
fining the terms limen and threshold to the points marked by 
some specified degree of confidence, while the more exact measure 
of sensitivity and discrimination in terms of the proportion of 
right judgments is limited in statement to the mathematical 
terms which are proper to it. 
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V. 

IJNKQUIVOrAti AXHWKK«. 

Tlu* nu'tluHl, m in th<» cmv, by finding the 

frequency with which each type of judgment occurs tvith any 
amount of difference, uiiUH to tlwowr \vlu*tlu*r or not tliere is 
nny pHyohol<^^it*nI or niiy point whoro jiuJ^menta of a. 

partitoilnr kind hofjin or lonv«* oft. This nini is unless 

tlio kinds of judgniont oniployod nro iiintuiilly oxolnsivo. Rvasivo 
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whieh iiiuko it possible to repeat the experiment at will with 
the assurance that; the judgments are unequivocal and that every 
least influence will appear on the one side or the other, no third 
alternative remaining. Unless such simple alternatives are 
insisted tipon, a c(*rtain portion of the cases remain undetermined 
and the whole distribution is invalidated. The observer can put 
his t>wu iiderpretation (and there is no guarantee of his con- 
stancy) upon the ‘‘equaU^ or ‘Mon^t know’’ class, making it 
the repository alike of cases where there is a difference of which 
h(* is not very sun* or which are uncertain in point of direction, 
and of eases which prest‘nt no apparent difference; it is there- 
fort‘ um^ertain how many of these judgments Isdong in any one 
category.'*** 

With the conviction that the Tine<|uivo(Uil alternative between 
*Mhis is heavier” and “that is heavier” is the most natural and 
most psych(»Iogicul basis for the expn'ssion of judgments upon the 
relati<»n lH*tw(‘cn w<‘ights, all the preceding experime^nts wen^ cast 
in t hat form. lUit in onlcT to escape the probable objection tluit the 
eharuider of tlu* nnsults is largely depend(*nt upon this arbitrary 
Hrtutati<jn of the (expression of judgment, a seric^s was introduced 
in whi(*h the alt(uauitiv(^ was of a different sort. In this series 
there wen* tw(*nty weights: two (*ach of 99.5, 100, 100.5, 101, 102, 
UKU and one imch of 104, 105, 10(5, 108, 110, 112, 114, and 116 
grams. Tla* 10()»grnm standard was giv(*n first and on the right- 
hand side, and tlu! ohKcrv(»r was so informed. While several of 
tin* weights w<*n^ but littU* nunoved in amount from the standard, 
yet all (d* tliem W(»rt^ siudi ns wotild normally app(*ar, in this 
piKsition, heavi(‘r rnth(‘r than light(‘r. Tlu* observer was informed 

iy a vigorouH Htattwent. of the ohjoctioiiH to thin procotluro hoo 
(UHicht»pmkU\ p, H; WrCHcUnor, op. cit, p. liO; Vhil. 

Stiuiu n 7, p. r»sa. In favtir of tnotluul cf. JaHtxow, Am. Journ. Psuch. 1, 
IHSr. p. CHI; Kracpclin, Phil. Htudum. G, ISOl, p. 49G; FiilUxtoii ami (Jaticll, 
HmnH iHffrrrnrtH, p. PJ7, A full (I’lHCUHHum with roforonct'H \h to ho found 
in Tittdiomx, Prp, Puttrhol. 11, part 2, p. CH.*) IT. It in a qtamtion of fact 
whtdliof or not tho <»hHorvor in dmturbotl hy Ix'ing forccMl to jmlgo; moHt 
ohnorvorH Hml no diflhnilty in tio(d<Ung if only tluy nrv HHHunMl that tluxo m 
ahvaya a diffixotmo; tho pronont ohsorvor wan vtxy Holdom coinptdhvl to guoHH. 
Homo otporimontors nro quito willing to forego “ocpiul” judgnituitH ami 
othorn til give up “uncertain’*; both can be dimuirded without Hubjt'ctive 
Urnii. 
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that there were eases where the weights were the suiue and where 
they were different (always the seeorul heavier) and that nhe 
was to decide whether or not in any partie.iilar ease the difrert'iice 
was present. She designatetl the two eases ‘ ‘same ’ ’ and ‘ ‘ heavy ' ^ 
referring to the second weight. At tii*st there were some eases in 
which the first (standard) s<‘emed heavier (see eases prefixinl by 
minus sign in Table IV), but these gradually ceased as tht* 
observer tended to assimilate all such cases to the 
category. No corrections were offered and all tiie condititum 
were the same as in the preceding series. 

The results of this series (OOO comparisons of the small 
differences and 300 of the larger ones, TabU^ IV) show sub- 
stantial agreement with the otlum stn-ies. Eacdi inereast* in tins 
amount of difference increas<‘s tln^ probability that it will bo 
perceived, i.c., that the two weights will not app(‘Hr tlie saint*. 
There are lapses with tlui large differenct‘s, as in tlu^ first s<*rit*H, 
but those are not so fn^quent, possil)Iy because of greattT pratd ioo 
and possibly b(K‘.ause of the larg<*r proportion of small <lifferi‘n<'t‘.H 
in the series. The results of this series are m^t so regular an 
those of Table III (minimal differenees) but tluy an* sufti(*u»ntly 
r(?gular to show that tlH*re is no break hetwt‘(»n the (dasses uf 
“same’^ and “diff(trent”; each amount of difft*renc<i elieitH a 
certain proportion of judgments of t*itht*r sort, Th<‘re is no 
evidence that the choice of a parti(*ular kind of alternative in 
responsible for the steady grading off (^f the number of 
ments from a maximum in one (?at4*gory (smdi as '‘bd't greatt*r** 
or ‘‘same”) to a maximum in tin* opposite catetgory. 

This part of the experiment does, however, furnish aibundnut 
evidence to justify one in foreing the obs(*rv(*r to state in every 
case which weight is heavier. The category “same” or ”ri*i 
difference” turns out to he unnatural and unsatisfactory to the 
trained observer. Aft<T about 4(KH) of tluw comparisems the 
observer made the remark “those two are exu(dly the same, mid 
that is the fu^t pair that luis beiui so.” This n*mark is intlieativi* 
of the whole situation. Starting with the aasumption that thin 
series would be less exacting that the other be(?HUHe it <Ud not tuiU 
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for so explicit a decision, it soon became evident tbat it was more 
exacting on tbat very account. The quality of sameness rarely 
or never occurs pure. It is necessary to decide in each instance 
how near alike the two things are and then decide whether that 
amounts to equality. In other words, one must maintain a 
mental standard of equality. As one becomes more or less 
scrupulous this standard is liable to vary ; impressions that at one 
time seemed slightly different now pass for the same. This is 
evidenced in the present case by the decrease of judgments ‘‘first 
greater’’ as the observer came to accept these as cases of equality. 

Returning now to the series with minimal differences (Table 
III), we see the other aspect of the same situation. Decisions 
were there made upon extremely small differences with the 
utmost rapidity and facility. No matter how small the real 
difference, there was always a sensible difference sufficient to 
call forth an immediate judgment. 

The results of these experiments should be sufficient answer 
to the objections advanced by Ebbinghaus and others against 
the exclusion of judgments of .“equal” or “don’t know” — 
objections on the ground that the observer must not be forced or 
constrained out of the natural channels of expression. As a 
matter of fact no constraint is involved in the exclusion of these 
expressions in the case of observers who have had practice in 
attending to small differences. In the present case the observer 
gave this introspection in the middle of the minimal difference 
series: ‘“The weights never seem exactly the same. There is 
always a difference, but because of the constant tendency to 
choose the one on the left hand [as heavier] I cannot always be 
sure.” Not over six times in the course of these 14,000 cases was 
there any outward sign of hesitation. In the face of experience, 
a priori objections in this matter are out of place. 

On the other hand, judgments of “don’t know” spring from 
a quite different state of mind and if encouraged are likely 
to become very frequent. ‘When the difference is slight one must 
overcome some mental inertia before he can make up his mind, 
and if allowed to shirk, it is natural for one to lapse into a state 



1910] 


Brown: The Judgment of Biff erence. 


33 


of mild aboulia. No one would maintain that such states of 
vacillation are desirable in a psychological observer, and it is one 
of the chief advantages of the procedure under discussion that by 
prohibiting indecision it abolishes the tendency to vacillate and 
keeps the observer in a judicial attitude. 

The actual array of the minimal difference judgments is a 
sufficient guarantee that the clear impression of difference is not 
wholly illusory and that the observer does not guess at random. 
These judgments are consistently dependent upon the actual 
differences, and while one often receives a clear impression of 
difference in the wrong direction yet he may be sure that he 
will be right in the long run if he trusts to this impression. If , 
the constraint resulting from the necessity for making a choice 
were sufficient to interfere to any considerable degree with the 
process of judgment, it would not be possible to get this clear 
impression of difference and have it trustworthy. 

The net result of these experiments and the accompanying 
introspections is distinctly in favor of insisting in every instance 
upon a choice, on the assumption that there is always a differ- 
ence. By doing so every possible factor which can enter into the 
judgment is included and no violence is done to the observer. 
He is, in fact, relieved from the rather uncomfortable necessity 
of making a qualitative judgment. He does not have to have 
any norm of his own with which to measure his impressions. 
They are directly measured against each other and the balance 
struck without ado. By all means let him have his standard of 
equality if he so desires, but leave him free to change it without 
risking thereby the unity of the experiment. There is no danger 
so long as the private standard is kept private and the judgments 
given in terms which do not involve it. 

In order to avoid all danger of a change of attitude and con- 
sequent change in the distribution of judgments it is wise to 
exclude also gradations of judgment*^® One can never be sure 

13 Of. Miiller, GesichtspunJcte, p. 27 ; also Martin and MiiUex, op* cit,, 
p. 19. 
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how the observer draws the line between greater’^ and ‘‘dis- 
tinctly greater.’’ 

Once assured that there is no ambiguity in the terms of the 
judgment, and giving up once for all the attempt to answer two 
or three sorts of questions with one judgment, the tables of 
frequency begin to take on real significance. A majority of 
correct judgments represents an appreciation of the true relations 
of things while a larger majority means a more frequent appre- 
ciation. Without any reference to subjective feelings of doubt 
or assurance, it is possible to say whether there is any difference 
so small that it is never recognized or any so large that it is 
always appreciated. Nor is it necessary to consider the sensa- 
tions which lie back of the judgment. To be sure, every com- 
parison involves logically the perception of each stimulus 
separately, and a distortion of one or the other of these may be 
responsible for erroneous judgments. Such distortions, however, 
when allowance is made for constant factors, become themselves 
a matter of chance and fall into that half of the total number of 
eases which is conceded to the influence of circumstances other 
than the prescribed conditions of the experiment. The judgment 
itself is not about either one of the stimuli but about the relation 
between them, and it is true psychologically that this relation 
can, and often does, make itself felt without conscious reference 
to the separate terms. 
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VI. 

TIME AND SPACE FACTORS. 

rt*lutivt‘ importuiiee of the npaeo and time factors in the 
st'rit'H (Table 11) \vhi(*h illustrate them is uneertain by the 
unturt* ot‘ the ease, ftu* the time order is constantly being reversed 
and is unknown to the observer, while the spatial arrangement 
remains the same for whole groups of experinu^nts arul is knowm 


TAULM V (‘ONHTANT FACTORS. 

Thi' avrnuw nimbvf itf eornct jutlffmentn for rack ffroup, taking avvcral 
(imountH of ili/fvrvnoo top other* 


Or«mit 

A 

a 

V 

u 


s 

r 


<» 

It 

I 

j 

K 

U 

M 

S 

u 

V 

Q 

H 

H 

T 

V 


Av«rim« 

StftuCftrtl 

2mt WftltfUfc tn 


l)lffnr«noft« 


ot S#rlrji 

IttOrftmii 

RftIftUon to Int 

l“6 

7-12 

ia -18 

1-18 

lik Un 

um 

grinitftr, li«ft 

n5.7 

40.0 

40.5 

48.9 

<»a. tua 

r»d 

l^roftiftr, Otft 

aa.i 

44 

48.0 

41.0 

to r.h 

UU) 

Iftft 

nn.4 

42.1 

47.1 

40.9 

no too 

r.n 

ttift 

na.5 

44 

47.7 

41.7 

1 f. (ft 1 0) 

uio 

O^ft 

00. l 

88.7 

90.0 

84.8 

0 til 0» \ 0) 

fiO 

0>ft 

05.0 

88 

90.8 

88.8 

tMn f 0) 

r.o 

liift 

05.5 

88.0 

98 

88.0 

f» (a r 0) 

Old 

Iftft 

07 

87.5 

95.6 

88.8 

at (» f 0) 

ir.d 

tuft 

75.2 

05.2 

99.8 

89.9 

It (« f 0) 

50 

riitht 

04. 1 

K5.a 

97.2 

82.2 

to i 0) 

too 

ri{(ht 

07.» 

90.7 

98.5 

85.5 

(ft t 0) 

too 

rit(ht 

71.1 

t) 2 .a 

98.2 

87.2 

M. It (ft t 0) 

fiO 

uH ordorH 

04.ft 

80.8 

97.0 

88.1 

0. to (ft i 0) 

ICJO 

nil orcIftrK 

OH 

80.1 

97 

84.7 

;a. ;r,j (a t 0) 

tr»o 

nil onOtrN 

7a.2 

oa.7 

98.7 

88.5 

15, 17, 0> (ft) 

too 

^rf*nt»'r, I«ft 

an.7 

40.9 

49.5 

44 

t .5, 17, ttt (0) 

too 

loftK, t*’ft 

aa.o 

40.4 

47.7 

41.0 

15, 17. lt> (Ji t 0) 

too 

Iftft 

oo.a 

90.a 

97.2 

86.0 

ta to, iH, ao (ft) 

loo 

(Crttutftr, right 

04.5 

4(;.B 

49.7 

48.7 

la tn, irt. an (O) 

too 

loftN, right 

ao.i 

46.5 

49.8 

48.0 

la to. IH, ad (ft t 0) 

too 

right 

70.0 

92.8 

99 

87.a 

t.5. ta.'di (ft f h) 

too 

nil ordi'rM 

70 

91.8 

98.1 

86.5 


V 



36 University of California Publications in Psychology. [*Vol. l 


to the observer There are more right answers when the second 
weight is greater, rather than less (Table V, G-roups P, S),^® 
or, in other words, when the standard comes first. There are 
more when the first weight is to the right rather than the left 
(Groups V, E). The most favorable combination is, second 
weight greater and left (P) ; the worst is, second weight less and 
left (Q) ; these are compared with each other in the right-hand 
part of fig. 1. When the second weight is to the right, the time 
order has little effect; when the second weight is the greater the 
space order makes little difference. 

These facts cannot be accounted for on the basis of Pechnerian 
• errors which have a constant effect in each order equivalent to 
I an increment of weight. They can be accounted for only in part 
by assuming a constant tendency in favor of the arrangement 
■ with standard first. Besides this there seems to be a similar 
constant tendency operating in favor of the arrangement with 
, standard to the right, so that the apparent difference is generally 
■increased by proceeding away from the standard and also by pro- 
I ceeding toward the left, i.e., in the direction of greater flexion of 
/ the arm. 

In Table VI the data of the long series (P-V, Table II) of 
1400 cases for each difference are worked over on the basis of the 
probability integral. Prom the number of right cases given for 
each amount of difference the amount of difference is calculated 
that would give 75% of right judgments on the assumption of 
an ideal distribution of the errors by chance.^® This calculation 

14: The space error can be eliminated easily, but only at a considerable 
expense of time. The speed of 245 comparisons per hour mentioned by 
Urban (op. cit., p. 11) was only got with the assistance of a third person 
and by prearrangement of the series. 

15 This may be attributed either to a simple time error (the preceding 
stimulus appearing weaker as compared with the more recent) or to the 
general tendency noted by Martin and Muller (p. 64) to increase the number 
of right judgments when the standard comes &t. 

15 The calculation is as f oUows : Take the number of right judgments 
per cent, given on any amount of difference. Look this up in Fechner's 
fundamental table and divide the corresponding T = hD entry by .4769. 
This gives Fullerton and CatteU's table. Then divide the amount of differ- 
ence by this figure, and the result is the amount of difference which would 
yield 75% of right judgments. 
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puts in more objective form (though with more theoretical 
assumptions) the conclusions of Table V regarding the arrange- 
ment giving the greatest number of right answers. It shows that 
the great inferiority of Group Q (second less, left) is due to an 
excess of wrong judgments on the larger differences as com- 
pared with the other groups. (See right-hand part of fig. 1.) 
It is to be expected that the ^‘constant tendencies” will be more 
effective on the larger differences for then the one weight is least 
like the average^’’ and Group Q has the disadvantage of both 
constant tendencies. 


TABLE YI. 


TTie amount of difference necessary to yield 7S per cent, of correct judgments, 
calculated from the number of correct judgments given on each 
amount of difference for the several groups of Table II. 
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3.64 

8.95 

6.02 

6.67 

6.32 

4 

3.67 

4.65 

4.12 

4.65 

4.97 

4.81 

4.44 

4.04 

6.08 

4.88 

5 

4.22 

4.75 

4.48 

3.88 

3.60 

3.72 

4.08 

6.70 

6.04 

6.35 

6 

4.18 

4.45 

4.31 

5.42 

4.28 

4.80 

4.56 

6.32 

4.65 

5.37 

7 

4.34 

5.47 

4.89 

4.08 

4.37 

4.22 

4.53 

4.92 

4.76 

4.84 

8 

3.81 

5.83 

4.74 

4.32 

4.95 

4.63 

4.69 

4.83 

4.59 

4.71 

9 

4.28 

5.80 

5.01 

4.15 

5.17 

4.65 

4.84 

6.33 

5.90 

6.12 

10 

3.84 

5.26 

4.56 

4.15 

4.37 

4.26 

4.42 

5.44 

5.53 

5.50 

11 

3.34 

5.25 

4.40 

3.51 

4.39 

4.00 

4.22 

5.17 

5.38 

5.29 

12 

4.15 

6.37 

5.30 

3.94 

4.55 

4.27 

4.82 

5.42 

6.07 

5.77 

13 

4.33 

6.31 

5.39 

4.26 

4.49 

4.03 

4.93 

5.13 

6.72 

5.94 

14 

3.76 

6.13 

5.16 

3.76 

4.47 

4.15 

4.71 

5.67 

5.67 

5.67 

15 

4.79 

5.53 

5.18 

4.03 

4.79 

4.45 

4.85 

5.09 

6.35 

5.77 

16 

4.75 

6.22 

6.57 

4.29 

3.75 

4.07 

4.98 

5.43 

5.43 

5.43 

17 

3.99 

5.88 

5.17 



5.17 

4.67 

4.98 

6.18 

5.98 

6.09 

18 

— 

6.21 

5.40 


4.22 

3.93 

4.94 

5.04 

6.11 

5.63 

Median 

4.15 

5.50 

4.82 

4.15 

4.43 

4.27 

4.65 

5.43 

5.78 

5.65 


This same Group Q falls farthest away from the chance dis- 
tribution, while Group P gives the nearest approximation (of 
those with a single time and space arrangement) to such a 
distribution, its excess of right judgments being pretty evenly 

i*? Martin and Miiller, p. 44, show this to be true in the time aspect at 
least. 
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distributed over the various differences.^* Group B is similar to 
P m these respects. 

The combined group (V) is a regular distribution but with 
more errors on the large differences than are to be expected 
Prom the point of view of the so-caUed “normal” distribution 
it would appear that the positive constant tendencies of ju(^- 
ment represent the normal as well as the maximum efficiency, 
while the absence of those favorable or normal conditions causes 
an excess of errors on the larger differences. In other words, 
unfavorable arrangements in time or space order have the same 
(iffeet in producing lapses of attention that we would expect to 
find as the result of distraction; the positive general tendencies 
are not then anomalous but represent the absence of distraction. 

1 he giadual relative increase in the number of errors as the 
amount of difference increases, which appears in the less favored 
groups and, as a result of their influence, in the combined Group 
V, is due to the greater force of the constant tendencies with the 
larger differences. The absence of these larger errors at once 
assuros a greater number of right answers for the whole group 
and reduces the distribution of the remaining errors to the form 
given by the conventional error curve. In this case the special 
negative constant tendencies increase in force with the magni- 
tude of the difference, and in the combined Group V effect a 
ileparture from the normal distribution given by the more 
favored groups which are free from their influence. 

The results from very small differences indicate that little 
can bo said about constant errors on the basis of the comparison 
<»£ ecpial or nearly equal weights. The determinations are often 
inconsistent with the larger differences of the same group and 
inconsistent from group to group. For example. Group S 

1* The comparison can be made in Table "VI or on fig. 1 where each of 
tho lioriwintal lines is at the level of the number of correct answers, accord- 
ing to tho i<lcal curve at the loft, which each difference ought to yield if a 
<iifl’tir<mco of 4.65% (the median value of Group V, Table VI) yields 75 
correct answers per hundred. The plotting of the ideal curve is as follows: 
Tho entry under hD in Fcchner’s fundamental table opposite 75% is .4769; 
dividing this by D = 4.66 gives h = .103. Then each D is multiplied by 
this value of li and tho per cent, corresponding to the product hP taken 
from tho table. 
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(Table II) gives less right answers than the other groups for 
differences of 0.5, 1 and 2 per cent., but this tendency is not 
borne out by the larger differences. Group Q, which starts 
positive, ends with a negative error. 

The series composed exclusively of minimal differences. Table 
III, or fig. 2, shows a constant error very much larger than that in 
the corresponding portion of Table II (Group R). The differ- 
ence of — 1.2 gram gives as many judgments of ‘^second (left) 
greater” as +0.5 gram does in Group E, while +0.4 gram 
gives almost as many as + 3 grams. This phenomenon can be 
accounted for in part by the higher attention demanded by the 
minimal series, and in part by the different impression gained 
of the general average weight of the group and the consequent 
change of attitude toward the standard weight which, in the one 
ease, is considerably lighter than the average, and in the other 
heavier. But making full allowance for these factors it is plain 
that the consideration of very small differences complicates the 
study of the constant tendencies very seriously. 

Another fact to be noted in this connection is the skew in 
the distribution of the judgments on minimal differences (fig. 2). 
The distinct plateau at weights 98.8 to 99.4 with the consequent 
displacement of the two ends of the curve indicates the presence 
of a strong unknown disturbing factor. It is very probable that 
the constant tendency is not simple, but complicated as has been 
suggested, being made up of several tendencies working more or 
less at cross purposes. Or, it may be that the amount of the 
constant tendency, varying as it obviously does, is more frequent 
at two distinct modal points ; there is no reason why we should 
expect it to be always the same for the same person any more 
than for different persons, and no reason why it should not 
oscillate between two quite distinct values. 

At any rate, the fact that the judgments do not tend con- 
sistently to group themselves about a single value of the constant 
error as measured by the point at which the weights are appar- 
ently the same (either one called heavier half the time) is another 
indication of the inadequacy of this measure of the constant 
tendencies. 
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Thongli each time and space arrangement has its character- 
istic curve of distribution, it is not necessarily true that the 
combined series is not significant. Groups B and D (Table II) 
with the lighter weights do not differ from each other so much 
as P and Q (the corresponding groups with 100 grams), and 
they do not show the same relation to the ideal distribution. 
With respect to Weber’s law or similar questions, it would be 
fairer to compare the combined number of correct judgments 
for each standard rather than to compare the separate time and 
space orders. The method of combining the partial groups 
must depend upon the special requirements of the particular 
experiment; the simple combination given in the tables has the 
advantage of preserving the actual experimental array of figures, 
unconfused by theoretical considerations concerning the type of 
distribution.^^ 

19 G. P. Lipps, AroK /- d. gesamte Fsychol. 3, 1904, emphasizes the 
danger of assuming any particular form of distribution. Compare also 
the work of Urban and of Spearman referred to above, and Wundt, 
FTiysiol. Fsych.f 1908, I, p. 613. 
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VII. 

THE JUDGMENT OP DIPFEEENCE DEPENDS UPON 
THE FORM OP EXPRESSION. 

When the preceding experiments had shown that the judg- 
ment of difference is conditioned by other factors besides the 
physical difference between the stimuli, it seemed wise to enquire 
to what extent it is conditioned by the mere form in which it is 
expressed. 

Two questions in immediate relation with the preceding work 
presented themselves: the relation of judgments of ^‘same’’ to 
those of ‘^greater or less’^ as measured by their distribution over 
the same objective differences; and the relation of ‘‘greater’’ and 
“less” judgments to each other when expressed in different 
modes. In either case the question is whether the same objective 
relations between the weights will appear different (in terms of 
frequency) when judged in series which are alike save for the 
mode in which the relationship is expressed. 

Table VII presents the results of an attempt to isolate these 
two factors. Three groups of nineteen pairs apiece, designated 
as which?, second?, and the same?, were run along together in 
such a way that each group followed itself and each of the other 
groups the same number of times but in haphazard order. 

In the which? group the observer was instructed to “indicate 
which weight is the heavier, ’ ’ and she did so as in all the previous 
experiments by pushing forward that weight. These results were 
recorded as “left heavier,” or “right heavier,” but the observer 
did not think of the weights in those terms nor as “first and 
second,” but rather as “this and that” in terms of the motor 
localization of the positions. In the second? group the question 
was put, “Is the second heavy or light (in comparison with the 
first) ?” and the judgment was given orally “heavy” or “light.” 
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r. 3, — Solid line: motor answers in which? series. Dotted line: oral answers in second? series. Droin the left 
up: the number of judgments '^2nd greater*^ for each amount of difference from the 100 gram standard. From 
the right up: the number of judgments ^'2nd less.'' Dash line: the number of judgments ‘^same." Data from 
Table VII. 
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In the third group the question was put, ^'Are they the same (or 
nearly the same) and the judgment was again in oral terms 
^‘same” but if they did not appear the same nothing was said. 

The series of weights was arranged to fit the requirements of 
this experiment. By trial it was found that there would be about 
as many judgments “second greater’’ as “second less” if the 
same number of weights were taken above and below 96 grams 
with the standard (preceding) of 100 grams. The weights ran 
by steps of 2 grams from 82 to 92 and by 1 gram from 92 to 100, 
then by 2 grams from 100 to 110, making nineteen members in 
the series with the center at 96. In each group 200 judgments 
were recorded for each amount of difference. 

The comparison of these groups involves possibly some slight 
errors. The second? group was entirely new while there had 
been practice with the others. Even though the groups come in 
irregular order an equal number of times, it is possible that one 
may affect another more strongly than it is affected in turn. 
The same? group still seemed hard to the observer despite the 
obvious opportunity it affords for “soldiering.” The effect of 
this group and of the preceding month’s practice with a similar 
test (Table IV) was an occasional occurrence of “same” judg- 
ments m the other groups, particularly in the one with oral 
judgments {second?) ; these were discarded and repeated; their 
number was not large. Very rarely there was an incursion of 
one of the other groups into the same? group. These were 
ignored. Very rarely there was some confusion or absent- 
mindedness as to which group was under way, but as a rule the 
observer stuck to one set of categories consistently for the nine- 
teen judgments and was then ready for a change to another set 
of categories or for the repetition of the same group as the case 
might be. 

The common point in these groups is to be sought not so much 
in the number of correct answers which they respectively yield 
as in the amount of difference which appears equal, in each one, 
to zero. In other words, the effect which is to be expected from 
the influence of different types of judgment is one which can be 
measured directly by a change in the constant error. 
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The constant tendencies connected with temporal and spatial 
order have already been shown to be as inconstant as are most , 
‘‘constant” tendencies. There is some indication that they rest • 
largely on mental habit and a certain unreasoned and uncon- 
scious tendency to prefer one form of expression to another. 
Their constancy depends in large measure on keeping the con- 
ditions constant with regard to the number and magnitude of the 
members of the series (compare Tables II and III), and upon the 
amount to which the preferred form of expression interferes with 
the normal course of judgment. 

The comparison of these three groups in which the only 
difference is the form in which the judgment is framed goes far 
toward proving that the constant tendencies are due to the 
attitude and bias of the observer and not to fatigue or a physio- 
logical change of any sort. Far too much attention has been 
paid heretofore to obscure or h3rpothetical physiological factors 
in the production of constant illusions of ah sorts and far too 
little heed has been paid to purely mental factors, the central 
tendencies and habits which the person himself brings to bear 
upon the situation. The mere fact that individuals have opposite 
constant errors in exercises which involve little muscular force, 
such as reproducing lines or even recognizing grays, ought to 
have suggested the possibility of a fortuitous central bent inde- 
pendent of the i mm ediate task. It is quite possible that some 
individuals always prefer the judgment in the form “greater” 
to that in the form “less” even when dealing with opposite 
aspects of the same proposition, as for instance “Is the second 
greater than the first or is the first less than the second.” But 
in the present instance the difference between the groups is more 
complicated. In the which? group the responses are in motor 
terms in which the movement is an habitual response in the same 
member which receives the stimulus. In the second? group the 
responses are in verbal terms which may or may not be a trans- 
lation of the idea accompanying the motor response in the other 
set and which may themselves be subject to a motor speech-habit 
such that one of the words in question is more apt to occur than 
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the other independently of the idea in mind. There is also a 
conscious attitude in the second? group by which it is dis- 
tinguished from the other. The attention is directed more ex- 
clusively to the second weight ; the first is taken Jpr granted and 
is readily fused in the general impressioiT of the average weight ; 
and the absolute heaviness or lightness of the second weight is 
relied upon to a large extent in forming the judgment. In the 
second? group, also, the observer’s attention is attracted to the 
known time error which makes the second weight seem heavier 
than it should, and there is a more or less conscious tendency to 
compensate for this error. 

But whatever the precise differences between the groups may 
be, it is evident that they are all of the nature of changes in the 
mental set” or bias of the observer. There is now no difference 
^n the number or amount of the difference and certainly no differ- 
ence of any kind in the objective presentation. If any difference 
between the groups appears it must be due wholly to the inter- 
ference of the observer’s own mental machinery. The results 
which do appear under these circumstances are sufiSciently clear. 

For purposes of comparison it may serve to take the same? 
group as the starting point. The amount of difference in that 
group which yields the maximum number of judgments ‘‘same” 
has a peculiar claim. That these are the two weights which seem 
most nearly alike in this time and space order (standard first, 
and right) there can be little doubt. But as has been said before 
the quality of sameness does not occur pure. The observer was 
instructed, after what had been learned from the preceding 
attempt and failure to get clear impressions of sameness, to 
indicate the weights which were “the same or nearly the same” 
as the standard. This judgment is an approximation only, but 
there is every reason to suppose that when a weight of 99 grams 
appears equal to 100 more times than does any other weight it is 
the one which appears most nearly equal to 100. 

It will be remembered that the observer had learned in the 
preceding set of experiments (Table IV) to assimilate a certain 
number of “second lighter” cases to the category of “same” 
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cases. This effect may have been carried over, and in fact 
the observer believes that it was carried over, to the present 
group. If so, the apparent zero point is displaced toward the 
lower end of the scale. Even so, this apparent or subjective 
zero point is as good a starting point as any other. In any case 
it would probably be displaced one way or the other; when no 
perfectly clear impression of sameness appears it is far from 
probable that the judgment of sameness will attach with perfect 
impartiality to the cases of ^'slightly greater’’ and ‘‘slightly 
less.” 

Notwithstanding the effect of training which would naturally 
tend to increase the constant error as measured by the maximum 
number of “same” judgments, it is clear from Table VII and 
fig. 3 that the constant error is not nearly so great in this series 
as in the other two with which it is to be compared. The maxi- 
mum falls at 99 as compared with 95 and 96 (the indifference 
points of the other curves). This group is differentiated from ^ 
the others also by the fact that the number of “same” judgments I 
on all the differences from — 4 to + 10 is very greatly in excess / 
of the number of errors yielded by those differences in the other 
groups. Judgments of “same” occur when no errors are made 
in the other groups and they are frequent when the probability 
of an error in the other groups is very low. 

The introduction of “same’^ judgments into a series surely 
obscures the results and precludes the possibility of finding what 
the actual distribution of “greater” and “less” judgments would 
be. In the present case one-half of the whole number of “same” 
judgments fall on differences greater than — 4 grams and the 
maximum number falls on the difference of — 1 gram ; whereas 
the half of the wrong answers fall on — 5 and — 4 respectively 
in the other series, and the indifference points are also at — 5 
and — 4. Even making allowance for the fact that the curve 
of “same” judgments is skewed, the evidence is clear that a judg4 
ment of “same” is more likely to correspond with a judgment of \ 
“second greater” than with one of “second less.” A distribution f 
of the “same” judgments into cases of “greater” and “less” 
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on the basis of a zero point at either — 1 or — 4 could not fail 
to do violence to the facts as determined by trial. 

Add to this difficulty in distributing the ‘‘same’’ cases the 
other fact that they occur when the observer would not otherwise 
be likely to make any mistakes, and it will be evident that a 
series in which they occur and are encouraged is not suitable for 
accurate analysis.^® A further weakness in this group is the skew 
in its distribution by which the point (99) where the greatest 
number of “same” judgments is recorded is far removed from 
the point (96.5) on either side of which half of them fall. The 
“same” judgments do not even afford a reliable measure of the 
constant error or point of apparent equality. 

The two remaining groups (motor, which? and verbal, 
second?) differ from each other almost as clearly as the same? 
group differs from them. The curves of fig. 3 show that with 
only two exceptions the number of “second greater” judgments 
given verbally is less than the number indicated by motor sign 
for all the differences from the lower end of the scale up to + 2. 
From a difference of + 2 up to the upper end of the scale verbal 
“second greater” judgments are more frequent than the motor. 
The two exceptions have every indication in the plot of being 
accidental. The inference from these data is that except for large 
positive differences this observer will give more judgments 
“second greater” and fewer “second less” when the judgment 
is expressed by indicating the heavier weight than when it is 
expressed by saying whether the second weight is heavy or light 
in comparison with the first. It is a normal consequence of this 
general tendency that the difference ( — 5 grams) which gives an 
equal number of “second greater” and “second less” judgments 
in the motor series gives a majority of “second less” judgments 
in the verbal series. The displacement happens to amount to 

20 Wundt, Physiol. Psychol., 1908, vol. 1, p. 614, shows the extremely 
i irregular behavior of the ^‘same'^ judgment, e.g., in the work of Keller, 
/ before mentioned. The use of these expressions is bound to introduce real 
(not merely mathematical, cf. Titchener, Bxp. Psychol. 2, II, p. 290) diffi- 
I oulties in statistical treatment, and can only be justified by special 
i application of the results. 
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exactly one gram, so that the difference of — 4 grams in the 
verbal series is its indifference point. 

It so happens that both the motor and verbal groups give 
symmetrical distributions so that the sum of the judgments 
‘^second greater^’ below the indifference point is nearly equal in 
either one to the sum of the judgments ^'second less’^ above. 
That is, one-half of the errors lie ‘on either side of the point 
which gives the maximum number of errors. This distribution is 
in contrast with the skew in the same? series. 

Since both the which? and second? groups are of this symmet- 
rical form, the difference between them is the more obvious. The 
difference between the two methods of judging is constant up to 
and beyond the point where the weights are objectively equal. 
With actual plus differences the tendency is reversed, but the 
whole number of errors is so small that it makes little impression 
upon the aggregate number of judgments of each type. 


Total of all judgments ^‘2nd greater’^ for 19 differ- 
ences; Motor 2068 

Total of all judgments ^^2nd greater’’ for 19 differ- 
ences; Verbal 1952 

Half of all the judgments for either group 1900 


The mere change in the expression of the judgment is evi- 
dently responsible for the large preponderance of “second 
greater’’ judgments in the motor {which?) group. 

If, instead of taking the whole number of answers of any one 
sort, the number be taken of those which are wrong from the 
point of view of the indifference point the same relation is 


discovered. 

Motor; number of errors (2nd greater) below 95 grams 259 

Motor; number of errors (2nd less) above 95 grams 293 

Motor; total number of errors 552 

Verbal; number of errors (2nd greater) below 96 grams 290 

Verbal; number of errors (2nd less) above 96 grams 240 

Verbal; total number of errors 530 


The relation expressed above would not be seriously affected 
by including the steps which are omitted between 82 and 92, on 
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one side, and 100 and 110 on the other. Rather it would be made 
stronger, if anything, because the tendency is stronger on the 
greater differences than in the middle range. The differences 
tried cover practically the whole range within which errors occur. 
It is evident therefore that there is an advantage for the second? 
(verbal) group over the which? (motor) group in regard to the 
total number of errors. 

The group which appears to better advantage here is that 
which adopts the procedure recommended by Miiller and Schu- 
mann. It has less errors in all and a less dispersion of errors 
toward the larger differences. It also shows a less exaggerated 
constant error. So far as the small number of cases warrants 
any conclusion, it seems also to present a more symmetrical dis- 
tribution of plus and minus errors and to have greater regularity. 
The method adopted in the preceding experiments suffers by 
comparison in all these respects notwithstanding the advantage 
it should have had from long use in the hands of this observer. 
This procedure differs from that of Fechner only by substituting 
the motor sign for a verbal judgment. There is no evidence to 
show that this motor feature rather than the pure Fechnerian 
element is responsible for the increase in constant error, together 
with general raggedness, which this group shows in comparison 
with the other. 

Besides discrediting the use of ambiguous terms by which the 
observer is enabled to evade the effort of deciding the question 
presented in the comparison of stimuli, this set of experiments 
brings out the importance of all the terms used in the formation 

I of a judgment. The results leave no doubt that a difference in 
the framing of two propositions which are precisely equivalent 
logically will be a governing factor in making a comparison, 
j Evidently no comparison is complete with the mere apprehension 
of the presented stimuli. These are apprehended in the light of 
other stimuli which have gone before, but even then the analysis 
is not complete without taking account of what the observer 
Jias to do in the matter. Even the very slightest differences in 
the" task which he has to perform seem to govern to some extent 
his decisions. 
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To speak of the ‘‘perception of difference” in such a case is 
to obscure some of the factors in the actual situation. The differ- 
ence is not merely perceived. The process of comparison involves 
the active operation of the mind in the expression of a judgment 
upon the situation in which the difference is only one factor. 
When this difference is acted upon through one set of categories 
and with one mental set it occasions one definite reaction, while 
if it is taken into another set of categories it goes through 
different mental machinery and comes out different. If it were 
possible to catch an instantaneous view of the two experimental 
groups under consideration, there is no doubt that a weight of 
95.5 grams would be sensibly lighter than 100 in the one and 
heavier in the other. The stimuli to be compared are identical 
and the difference involved is not conceivably other than identical. 
Moreover the logical relations of the terms are equivalent. And 
yet this difference comes out plus in one group and minus in the 
other. In the instantaneous view it is judged to be sensibly 
other; to be two distinct differences. 

There are practical objections to having the same thing be 
different from itself, and if it does appear so it is generally worth 
while to locate the mental defect which brings it to pass. In the 
present ease the defect seems to be more deep-seated than a mere 
inability to perceive accurately what is presented. It seems 
rather to be a systematic distortion which may extend to any 
subject-matter whatever. The terms of judgment under con- 
sideration are of very general use; they can be applied to any- 
thing which is quantitatively greater or less than another of the 
same kind. If it be true that the mind will more readily give 
expression to “greater” than to “less,” the fault is certainly not 
in the perception of the particular difference but rather in the 
mind’s attitude toward all differences. 

Such a defect would permeate all quantitative judgments, and 
would, in fact, be a defect of judgment itself. There seems to be 
evidence that some of the abnormalities observed in the com- 
parison of weights are traceable to such subtle eccentricities in 
the machinery by which all judgments of difference, in any 
material, are expressed. 
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VIII. 

THE JUDGMENT OP DIPPEEENCE IS CENTRALLY 
CONDITIONED. 

Throughout this paper as well as in the title the term judg- 
ment of difference has been preferred to the more common 
expression perception of difference. The latter fails to express 
the active operation of the mind in the discrimination of objects. 
If two weights had a difference which was always sensibly the 
same or nearly the same, it might be legitimate to speak of 
perceiving that difference. But in fact the judgment of differ- 
ence is by no means so simple. Given a certain physical difference 
between two weights, one can perceive it more or less clearly, but 
one is also liable to perceive in its place another difference which 
is just the opposite of the true physical difference. Not only does 
the difference to be perceived possess this peculiar faculty of 
turning its coat, but it can change its whole aspect in other ways 
quite as alien to the general character of perceptible things. It 
is subject, as has been shown, to a startling contrast effect. Sur- 
rounded by larger differences it becomes almost imperceptible, 
but if put among smaller differences it presents a bold face. 
\ This effect is not, however, produced by any change in the objec- 
/ tive field, such as that causing sensory adaptation or that which 
I brings out color contrast. The objective conditions are precisely 
I the same every time a pair of weights is compared. The only 
! difference is the fact that previous comparisons have taken place. 
The contrast effect depends not upon the objective conditions 
but upon the attitude of the observer and the direction of his 
attention. 

The difference is in no case simply perceived. It is perceived 
in view of other facts which have no inherent connection with it. 
If it were perceived as ordinary objects are perceived, it would 
maintain an identity of its own and, subject to more or less 
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fluctuation, it would always be recognized as itself. Every object 
that is perceived has an identity of its own and accordingly has 
a place in systematized experience into which it flts. Its identity 
gives it its relations with the other objects which we perceive and 
know in the world of daily activity. It is in this respect, par- 
ticularly, that the perception of difference shows that it is of 
another sort from the perception of other things. 

Within any one of the preceding experimental groups where the 
conditions remain fairly constant each amount of difference does 
maintain its identity. But as soon as we pass to another group 
in which the conditions are somewhat different the identity dis- 
appears. If, for example, we take 75% of right answers to be 
the mark of a difference which is ^‘just perceptible” then we 
find in Group E of Table II that a difference of between 4 and 5 
grams will be just noticeable or will be a threshold value,” as 
it is said. But turning to Table III, we find it unreasonable to 
suppose that the threshold value is far beyond 1 gram. In 
Table lY, again, this ''threshold” difference is at about 2 grams, 
and in Table VII it is pushed down to between — 2 and — 4 
grams. 

That these differences between the various groups are genuine 
and do not represent merely a general change in the observer 
such as to cause a large shift in the constant error, may be seen 
from the final series (23) of Table I. This series was taken 
immediately after those of Table VII which show a threshold 
of — 3% and it was separated from the last of the same sort (22) 
by some 30,000 cases; yet, with allowance for some general 
improvement with practice, it shows substantial agreement 
with the preceding series in its group and its threshold is over 

4% as in the others. There had been no change of consequence 
in the constant error for this set of weights during the interval. 

This dependence of the constant error upon the range of 
differences comprising the experimental series seems to be closely 
connected with the behavior of the "indifference point” in the 
method of average error. Hollingworth®^ has shown that the 

Archives of Psychology, No. 13, 1909, p. 31. 
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latter far as it occurs in our spatial judgments, and in. oxtr 
temporal judgments so far as they are a function of the extent of 
movement, is of purely central origin, and that its position 
depends entirely upon the range or limits of the magnitude in 
question/’ The indifference point in the error methods cor- 
responds closely to the point in the metliod of constant differences 
where errors are most likely to occur in half the number of 
judgments. It is not unlikely that a shift in the indifference point 
in our method would be influenced by conditions which cause a. 
shift in the indifference point in the other method. 

The position of the threshold, howev(‘r it is defined, 
immediately dependent upon the indifforenee point in the methodL 
of constant differences, that is, upon the conditions which make 
the differences equal to zero. This point is c(u*tainly dependent 
upon the range of differcmccns covered by the s(u*u^s. In the error 
methods the point where the ciTor is as lik(‘ly to be plus as iniun« 
is determined certainly in part if not wholly by the same 
conditions. 

This condition has been so V(‘ry g<uu»rally ignored that itH 
influcuice may be regarded askaxute, but its appe^arance now itt 
both methoth of promlurc cannot h<^ ov<Tlookc<i. Tt is ixirliaps 
too much to say that tht‘ indiffenmee point, and with it 
threshold, can be shiftt^d at will by simply changing the magni- 
tudes of the largest or smalb^st stimuli in llu^ s<*ries, yet this in 
to a large extent true. 

It may be unwise at pnssent to fiHs<»rt tJiat tin* (dinnge in th<5^ 
magnitudes works wholly as a clmnge irx the (U‘ntral <dements iix 
the jiidgment, but at this writing then^ is no evidtuuu^ that the 
total situation is changcnl in any oth<»r than its central factors. 

The extension of tluj sfU’ies tow'anl oxie f*xtrt*rnt‘ or the other 
should not logically interfen! with the proper p(trct*ption of it 
magnitude in the midst of the .seri(\s. But it dot^s so; an<l it in 
not clear that it does so in any other way than t)y disturbing 
equilibrium of the observer’s nuudal uttitmh? tovvnnl all tlu^ irnli- 
vidual magnitudes making up the complex system of the seri<*H. 
TTndor these circumstatjces the irmgnitude in (|ut*stion is distortiHl 



1910] 


Brown: The Judgment of Difference. 


55 


by the mind and misrepresented in reproduction. Under such 
conditions the judgment of differences between stimuli is affected 
JUS well jxa the judgment of the individual stimuli. So it is that 
in the different groups when the set of weights is not the same 
(the standard being constant) the same physical difference is not 
perceived a.s the same or even as similar. 

Tlu! change in the total group of weights which make the 
setting of any single pair may be likened to the change in total 
ilhimination which causes red to fade into black with the advance 
of (naming. But in this ease there is no advance of evening and 
nothing corresponding to it; any given pair of weights is com- 
pared under such cireunustjmees that the physical stimuli are in 
all iHwpiHds i(lt«ntical. The case is more like that in which an 
orangt^ ohj(^ct is pcfrtuiivod now as red and now as yellow. It is 
red in Ji universt; of yellows and yellow in a universe of reds. 
Tht( last cjusc is one which is thoroughly familiar and in which 
th<( pjuHH'ptual fiictor is clearly isolable. When an effort is made 
to pi'rtsdvt^ what the color is, it must be abstracted from the par- 
ticular surroundings which make it appear to be red or yellow. 
It is p«u-c<uvtHl truly emough to be a color, and that too of the 
r(‘d eml tif tint spx'c.trum, but if a closer identification is necessary 
it must he perceiv(td Jis an orange in order to be perceived at all 
in tin* propj^r sense of the word. One may say that under the 
<‘ircumstan(e*s it looks like a yellow but one fails to perceive it 
prtipcrly unhtss he is awjire that it is an orange even though it 
l<«»ks yidlow. Tlu^ failure to interpret the sensation in such a 
wav tluit it will get properly entered in the total range of normal 
experiemtes— in this cjuse in the range of color qualities— is a 
failure of {x^reeptiou. 

Bui, Jisidii fr(»ni the perceptual element by which the object 
is more or less pi^fectly idxmtified there is the element of com- 
paris..n within the group. This comparison may be quite un- 
<-onHcious, hut its result is obvious in the uhimate ranking of 
the memlx'rs of tlu; group with respect to their common quality. 
In the luisc of th(^ diffenmee between weights the operation of 
this process of ranking cannot be gainsaid. In all the expen- 
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mental groups, no matter what the conditions, the largest differ- 
ence is found at the top of the scale and the smallest at the 
bottom, with the others graded in between. In other words, the 
relative magnitudes of the differences are always, in the long run, 
judged correctly. 

But this judgment and the consequent ranking do not depend 
on a correct perception of the actual differences involved. In 
fact the record shows that the process of judging the relative 
magnitudes of the differences interferes to a marked degree with 
the process of perceiving or recognizing the true differences. 
Because the difference of about 0.5 gram is the largest in one 
series, the smallest in another, and almost the smallest in another, 
it is interpreted in the several cases as a fairly clear, a barely 
perceptible, or a ^‘threshold’’ difference. Its appearance is so 
altered by the value given it in its own group that it cannot be 
recognized in another group. It is not properly perceived but it 
is none the less well judged in relation to its fellows. The more 
familiar case of color is analogous. The fact that the one in 
question is ranked at the red end of one scale and the yellow end 
of another tends to break down its identity and to interfere with 
its proper perception. So, too, a man who is tall in one company 
and short in another maintains his identity through the posses- 
sion of other qualities besides that in question, but if he were to 
be identified by his height alone he could escape unperceived 
simply by a judicious choice of companions. Few people could 
perceive his true height in the terms of an arbitrary conventional 
standard. Most people would merely judge his height in relative 
terms, just as they judge the amount of difference between 
weights which have no accidental mark of identification. 
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IX. 


WEBEE’S LAW. 


1 1 poll the notion of the threshold, or point of just perceptible 
(lifferentu', hnngs Weber’s law in its usual formulation.®® But the 
statement of the facts embraced under Weber’s law and what they 
mean ought really to go much farther. There is no propriety in 
saying that a certain relative difference which can just be per- 
<-eive<l on otw standard can just be perceived on double that 
standanl, unUws the term “just perceived” means exactly the 
sanu* thing in both parts of the proposition. If, now, the proposi- 
tion is nsst'i'ted to be true when “just perceived” is taken to 
mean “perceived 75% of the time,” there is no reason why it 
should not be (luite as true when “just perceived” is taken to 
mean “pereinved (i5% of the time.” If Weber’s law actually 


holds in any siieeial rtialm of sensation it ought to be expressed 
without the ambiguous term “just perceived.” 

Tin* (‘xamination of a whole series of differences has brought 
<iut the fact that no particular one in the series possesses any 
intrinsic superiority as a starting point. That very fact points the 
wuv' to a mor<< far-reacdiing statement of "Weber s law; for if one 
full series presimts a uniform increase in the number of correct 
jmlgnumts as the differences increase, it is a fair hypothesis to 
Hiit>pose that the' same relative differences on another standard 
will bring out a similar uniform series. If, then, the two tabks 
<if rn‘<iueneies for (he sanus relative differences show a substantial 
agreement within any limits of variation that may be set, it will 
be true that W<'bm*’M law holds, not only for the ‘ threshold, 
but for any ilifTerene.e whatever. The general statement of the 
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law will tlien be, The same relative difference will yield the same 
proportion of correct judgments with stimuli of different magni- 
tudes. 

A subsidiary series (Groups B, D, P, Table II, and middle 
curves, fig. 1), carried out with a standard weight of 50 grams 
under exactly the same conditions as those of Groups A, C, B 
with the 100-gram standard, shows not only that the distribution 
of judgments is as regular in the one case as in the other but 
that the frequencies are only slightly different for the same 
relative differences from the two standards. The choice of 50 
grams here (determined by a desire to avoid fatiguing the 
subject) was not particularly favorable for a demonstration of 
Weber’s law, nor is the method of operation (full arm lift) the 
best, so that the amount of agreement found is surprising.^® 

It is by no means necessary, however, that experiments 
intended principally to bear upon Weber’s law should be carried 
to such great lengths as in this case. Groups G to 0 of Table II 
show the force of the evidence from a full series even when the 
number of cases is comparatively small. There is substantial 
agreement between the series, but in the long run an increase in 
absolute weight brings an increase in the number of correct 
judgments for the same relative amount of difference. The effect 
of a change of 50 grams in the standard may be as great as that 
produced by an increase of 2% in the difference; thus (Groups 
M, N, 0, Table II) 7% on 150 grams gives more right answers 
than 9% on 100 grams or 11% on 50 grams. This influence is 
stronger when the second weight is greater (A, B) rather than 
less (C, D) and when it lies to the left (G, H, I) rather than the 
right (J, K, L). The divergence between the series does not 
seem to depend upon the amount of the difference, the two curves 
of distribution running almost parallel (middle part of flg. 1). 

In this case the bare array of figures is sufficient without any 

ssTlds metliod of testing Weber's law is an extension of Techner's. 
He used the same two proportional differences on all the standards instead 
of trying to get a difference which would give the same proportion of 
right judgments. The full series gives either the relative number of 
judgments on the same difference or the differences which give the same 
number of right judgments. 



1910J 


Brow7i: The Judgment of Difference. 


59 


ealeiilation to show that, as was to be expected, for lifted weights 
as light as these there is a considerable departure from Weber’s 
law. 

As a rule, such a set of full series with different standards, 
even if tlu% numbtw in each series were small, would be more 
Ht'rvieeable than the usual large accumulation of cases on only a 
few difF(‘renees. If this method can be adopted (and there are 
many ea.se.s in which its application is simple) the fact that 
the ih'grees of difference on the one hand and the differences in 
intensity of the stimuli on the other hand form closely arrayed 
s<‘ri«w in twt» directions will serve as a complete cheek over 
irreguluritit's tle|><mdiug on the small number of cases. It should 
always be rememhertsl, however, that the ideal experiment would 
iiivttlve a suflic.ient number of cjuass so that each result in the 
intensity and differtmea*. stwi(w could be depended upon by itself 
without reference to its compatibility with its neighbors in either 
series. 'Pln> number of ciistw rccpxired depends entirely on the 
ri’gularity of the nwults measured by fractioning them into 
smulhT giHtups. 

The series with minimal differences (Table III) gives a 
nnmlK‘r <if right answers for the difference of 0.4 and smaller 
<lifferene«‘s very diflx^rent from the numbers found in Table II, 
and tin* siwies hn.sed on judgments of “same” or “heavy” 
(Talile IV) gives still other figures. In the first case there can 
he litth* doubt that the change is due to the entirely different 
range of diff«Tences us«‘d. When only very small differences 
are uscsl the nnitd)er of right answers is increased enormously 
toward tlie upper end of th(^ range*. In the other case the effect 
eoJiies ns n result of (^hanging the terms in which judgment is 
espre.sK»Hl. In any ev(*nt it is clear that a valid test for Weber’s 
law must !«• liaseil upon sciritw which involve the same number 
ttf terms anil whie.h cover as nearly as may be the same range of 
proportiimul diffm-enees, while the terms of judgment must of 
e.itu-se be the same. The number of right answers is not simply 
a function of the standard and the amount of difference. It 
depetnls very largely upon other consi<li*rations which are > 
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always obvious, and not the least of these is the concatenation 
of other differences which are judged before and after the differ- 
ence in question. 

It is for this reason, if for no other, desirable to have the 
whole series of differences worked over together. The insertion 
of new members in the course of the series or the subtraction of 
those which seem superfluous cannot fail to result in a change 
of attitude toward those which remain. When the full series of 
differences from one standard is compared with an exactly 
similar series for another standard, there is bound to be a certain 
amount of time lost and a busy experimenter is tempted to 
reduce the number of trials in the series. This tendency is given 
full rein in the ^‘method of least noticeable differences” by the 
adoption of some arbitrary rule to determine the upper limit of 
the range of differences. With many experimenters it is cus- 
tomary to stop the series when three successive right answers 
have been given, no matter what the actual amount of difference 
reached, and as a consequence no two series are of the same 
length. 

On the other hand, the usual form of the ‘‘method of right 
and wrong cases” in which only a few differences are used is 
too simple. The particular amounts of difference chosen may be 
subject to some special influence. And if they fail to yield for 
different standards nearly the same number of right cases the 
result is not equal to a demonstration that Weberns law does not 
hold. But as more and more differences are taken, until in the 
ideal case the full series is covered, the evidence becomes more 
and more trustworthy. The very complexity of the full series 
gives protection against the particular influences that affect 
single differences. The determination of any single point on the 
curve of distribution can be corrected by the determination of 
its neighbors. 

But the essential point in regard to Weber’s law is not 
whether a certain proportional difference is “just perceptible” 
with different standards or even whether it is equally perceptible 
in terms of the proportion of right and wrong answers, but rather 



1910] 


Brown: The Judgment of Difference. 


61 


whether the distribution of judgments of any particular type is 
of the same form for different standards. This is a question 
which can only be answered by experiment, and that means an 
experimental trial of the whole series for each of the standards 
under consideration. 
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X. 

PRACTICE. 

Work was begun on these experiments with only a brief 
‘farming up” on the first day. In order to keep the attention 
up to as constant a pitch as possible, the observer was informed 
of each error throughout the first 22 series of experiments, Tables 


TABLE Yin--PRACTICE. 

The average number of correct judgments for each series, grouping several 
amounts of difference together. 


Series 

Standard 
in Orams 

2nd Weight in 
Eolation to 1st 

1-6 

Differences 

7-12 13-18 

1-18 

1 

100 

left 

69.8 

88.2 

96.5 

84.8 

2 

100 

left 

72.5 

89.6 

97 

86.4 

3 

100 

left 

68.3 

88.1 

96.9 

84.4 

4 

100 

left 

67.8 

90.2 

97.2 

85.1 

5 

100 

left 

67 

87.5 

95.5 

83.3 

6 

50 

left 

68 

87.1 

93.8 

83 

7 

50 

left 

64.1 

84.5 

94.7 

81.1 

8 

50 

left 

67.6 

88.3 

97.4 

84.4 

9 

50 

left 

65.5 

88.3 

98 

83.9 

10 

50 

left 

63 

91.5 

97.2 

83.9 

11 

50 

right 

64.1 

. 85.3 

97.2 

82.2 

12 

100 

right 

73.8 

93.5 

99.2 

88.8 

13 

100 

right 

72.9 

94.2 

99.5 

88.9 

14 

100 

right 

68.6 

91 

99.2 

86.3 

15 

100 

right 

67.1 

92.5 

99.4 

86.3 

16 

100 

right 

69 

90.7 

98.5 

86.1 

17 

100 

left 

68.8 

92.6 

97.7 

86.4 

18 

100 

right 

70.5 

91.8 

98.3 

86.9 

19 

100 

left 

71.1 

95.7 

99.8 

88.8 

20 

100 

right 

72 

92 

99.2 

87.7 

21 

150 

left 

75.2 

95.2 

99.3 

89.9 

22 

150 

right 

71.1 

92.3 

98.2 

87.2 

Average 



68.9 

90.5 

98.1 

85.7 

^3 

mo 

Uft 

73.1 

Qd. 3 

QQ 7 

80 
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f. 4. — The per cent, of correct answers (measured from 60 up) for each 100 trials (counting from the left) when 
several amounts of difference are counted together. Also the average for each such group for 2200 trials. Data 
from Table VIII. 
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I and II, but not of the particular amount of difference 
involved, so that there was no learning of particular pairs. It 
would be natural, therefore, to expect some improvement with 
practice, but none occurs during the first five series, each of 
which embraces 100 comparisons of each of the nineteen differ- 
ences. The columns of Table VIII give the average number of 
correct judgments over the whole range of differences from 1% 
to 18% and also over a range of six differences making the lower, 
middle, and upper thirds of the whole range. The same results 
appear also in fig. 4 with the exception that the “11th” hundred 
is restored to its proper chronological order, being displaced in 
the tables for the sake of clarity. 

After the first six series there is irregular improvement in the 
judgment of the larger differences (7-18) but none for the 
smaller differences (1-6). The whole range (1-18) shows slight 
impiovement. This practice effect appearing only after ten 
thousand trials does not admit of easy explanation along familiar 
lines. It can hardly be attributed to the corrections received. 

The improvement shown is in the way of greater constancy as 
indicated by the lopping off of the coarser errors, and such a 
decrease in variability without any noticeable increase in sensi- 
tivity may be attributed, perhaps, to long habituation and the 
adoption by the observer of a more automatic attitude. It is 
possible also that this is an instance of the effect of the absolute 
weight,^® the larger weights coming in time to stand out with 
greater distinctness from the general level of the average as the 
latter grows increasingly familiar. The improvement shown is 
not, however, as regular as it might be expected to be if this 
tendency were constantly operative. 

Apart from the general practice effect and without reference 
to the space order, there are whole series of a hundred com^ 
parisons (like the 12th, 13th, 19th) in which unusually keen 

24:Miiller, GesicJitspunTcte, p. 24, states the advantages and dangers of 
correcting the judgments. It should be added that such corrections are 
justifiable only ^rhen there is a considerable number of mistakes; other- 
wise the momentary sharpening of attention just after each correction 
will become a source of error. 

25 Martin and Miiller, p. 44. 
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attention is indicated by a decrease in the whole number of errors 
large and small. The experiments of such a series occupied five 
or six days. A period of inattentiveness occurred at the seventh 
himdred, and throughout the first group of five series there was 
a gradual falling off of attention in this sense. A similar gradual 
depression affected in less degree the group from the twelfth to 
the sixteenth hundred. 

The ‘‘11th’’ hundred was introduced after the “13th” with 
the expectation of restoring the attention, which had begun to lag 
at the end at the end of the thirteenth, to the level of the twelfth 
on the supposition that that high level was attributable to the 
lighter weight of the preceding five series. This expectation was 
not justified and this high mark was attained in only one (the 
nineteenth) of the remaining series with this standard. After the 
completion of all the other work with this same standard but 
under various conditions, another series (23 in Tables I and VIII) 
was taken under the same conditions as those of the first five 
series. The result again, as in the twelfth and thirteenth series, 
is a decided improvement, which is particularly noticeable in the 
decreasing number of coarse errors. The previous case renders 
it doubtful whether this high level could have been maintained 
for long. It may be due to increased power of discrimination 
acquired in the course of some 73,000 trials, or it may simply be 
the result of better attention evoked by the great number of 
very small differences in the intervening series. 

Instead of a well-defined practice effect no more appears than 
a slow oscillation in the number of errors together with an 
irregular tendency toward the elimination of unusually large 
errors. Such sluggish but steady changes of attitude on the 
observer’s part are further evidence of the primacy of those 
mental postures which we call states of attention both in deter- 
mining the limits within which errors occur and in controlling 
the frequency of errors of any particular magnitude. It is 
probable that the general improvement with practice springs 
from the same source as the monthly or weekly ups and downs. 

No practice effect appears in the series with minimal differ- 
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ences. That k tlh‘!v is no improv«‘iut‘nt in tht^ ability to tlls- 
eriininate tliv \vei^i:hts (‘ormitly. Tlu^ro is, howovt*i% us tht* totals 
at the right of Table III show, a <*onsturit <lev<*hipment of the 
tendeiiey to rail the s(‘eon<l weight h«‘uvier. Tin* supertuMul 
appearanee of this tt*n<b*nt*y is tin* same us that of a g4»niuue 
ease of improvi‘nu‘nt with prsietiee, but its rt‘al f*tTeet is entirely 
different. The change of attitude vvhieli leads to an increase in 
the number of judgments “stHsmd greatt*r'’ is not in tin* din*e« 
tion of better H<laptati<ui. Insteu<l of increasing the actual uhility 
of the observer to judgt* the weight c(»rrt*ctly and ho to cope 
better with a c<merete situation, it really works against the 
observer s interests. It inereases an nlrently large <‘oiistant vmn* 
and produees a still further disUieution tjf the point of nppnn*ttt 
equality; the inert*ase in ability to distinguish l(H).4 frtuii UMJ is 
got at the expensi* (»r a loss in ability to <listinguish OH from KHh 
and the net result is that the individual is less able than befure 
to give a judgmiuit that is object ividy right in ease he is ioilUsl 
upon to distinguish two weights in pructient life. 

This ehange td’ attitude takes plaee without any interfercios* 
from the experimenter. No ei»rreeiions were given ninl the 
observer ha<i no oeeasion to think that some answers rntlier than 
others were right. At the 4»ml of the set tif 1 eonipnrisitus 
the observer did not believe there were more jmlgments 
greater” than “right greater,” although tliere were realty ta72 
more, or alumt b'l of tme typ«* to eaeh of the otlier type. 

In a sense, tin* development of n bias iti favtir of one altiO'iia 
tive rather than the other may be atiributetl to pratdiee. It is 
umloubtedly one mode of adapting t*ne*s stdf to a situatioti whieh 
is somewhat distnstid’ul. Tht* cdiserver is t»blig#sl to say either 
one thing or the other, then* is no reward or penalty atia»dt*nt 
to either one or tin* otlu*r, and he llmls it easau’ t<t say tins mf her 
than that. The original preferein’c may have an obsimre lu-igm 
or may result from men^ ehanei*. hut one*‘ having gjiuied a 
hohl it e{aitinually increases in foreo, 

Su(di H prefenuK'e may be stated in terms of mental life u * an 
unrea,soficd prejinliee <ir a <lreml of saying **iie flung tou ♦tt'it-n 
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and a eousocincnt tendency to say tlie other thing too often. It 
may arise eiusily from accidental eirenmstanees which act as sng- 
ge.stive hints to the mind hard pressed for some basis on which to 
form a .pnlgnumt in the absence of a clear sense-difference. In 
the language' of i>hysiologieal psychology, such an increasing 
temlemy indieah's the formation of a neural habit, with an ever- 
increasing facility of discharge along one path of expression 
rather tlum tin? other. Practice, instead of increasing the indi- 
vidual’s ability to judge, results in further facilitation of this 
mode of discliargi' with a corresponding tendency to eschew the 
<li.sfav(»red alternative. 

It is not prohahU' that tlu're is any sense-difference at the 
root of this tendency to preft'r one mod<^ of expression to another. 
Witli minimal <lifferences practice does not result in an increase 
in the power of sensory discrimination. Only an increase in the 
constant error occurs, and this is attributabh', not so much to an 
npjiarent increase in the amount of difference ixdween two given 
weights, ns to an incrcjising tt'tulency on the observ<(r’s part to 
si'ttle doubtful <'a.ses by indicating the second weight. 
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XI. 

VAEIABILITY. 

The confidence which can be placed in the results of any 
group of experiments is indicated to a certain extent by the 
amount of variation between the different series going to make 
up the group. If successive series of 100 judgments give very 
discordant results, those results are of less statistical use than 
the results of more homogeneous series. 

TABLE IX— YAEIABILITT. 

The median and average amount of the mean variation in the several groups. 


Median A.Yerage 
No. of No. of of the of the 

Relative Position Series Cases Vari- Vari- 


Group 

Table 

of the Weights 

in Group 

in Series 

ations 

ations 

P 

11. 

Left first; standard first 

7 

50 

1.6 

1.6 

Q 

II. 

Left first; standard second 

7 

50 

2.5 

2.4 

R 

II. 

Left first; standard 1st and 2d 

7 

100 

2.3 

2.6 

S 

II, 

Right first; standard first 

7 

60 

1.5 

1.8 

T 

II. 

Right first; standard second 

7 

50 

2 

1.7 

V 

II. 

Right first; standard 1st and 2nd 

7 

100 

2.2 

2.5 

V 

11. 

All orders 

14 

100 

2,7 

2.8 

Minimal 

III. 

Left first; standard first 

10 

100 

3.7 

4 

Sameness 

IV. 

Left first; standard first 

6* 

100 

5.6 

4.9 


* The first six differences only; from — 0.5 to +3. 


Table IX shows the average and median value of the mean 
variations in different divisions of the experiment. Neither way 
of expressing the value is quite satisfactory, and it will be neces- 
sary to refer to the original tables for more explicit data. Of 
the groups in Table II, those which afford the greatest number 
of correct answers have regularly the lowest variations. The 
arrangement with the standard first gives very much more con- 
stant results than that with the standard second. 

Group P (second greater, left) has the lowest mean variations 
as well as the greatest number of correct judgments, and Q 
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(second less, left) is at the other extreme. On the whole, both 
time orders together, the arrangement with the second weight to 
the right gives the most reliable results, particularly for . the 
larger differences, as well as the largest number of correct judg- 
ments. It should be remembered, however, that this group (U) 
was begun after the completion of the larger part of the other 
group (R) . In Group R there was a constant tendency to prefer 
as heavier the first (right-hand) weight. The observer became 
conscious of this tendency and, though its existence was denied 
by the experimenter, made ineffectual efforts to overcome it. This 
fact might account for the greater irregularity of the whole group 
but not for the great advantage of one time order (P) over the 
other (Q). This distracting idea did not occur when the second 
weight was on the right-hand side, and in that group (U) there 
is less difference between the two time orders. The observer felt 
that the absence of a constant tendency (so far as she knew) 
made the judgments of Group U easier. This feeling, which 
arose in spite of the fact that the arrangement of Group R 
(second, left) was chosen at the beginning as more natural, may 
be connected as cause or as effect with the better results obtained; 
that is, the feeling may indicate that the conditions were actually 
better, or it may arise simply from the slight decrease in the 
number of corrections received. 

Since there are constant tendencies for each time and space 
order, it is evident that the mean variation of single groups 
should be less, as a rule, than that of combined (time — or space — 
order) groups. This result is most distinct when the constant 
tendencies are most marked. In general, however, the average 
for the combined group (V) , being based on double the number 
of eases, has a lower probable error than the averages of the 
simple groups. When it is not certain which simple group will 
have the best conditions for attention or judgment, the safest 
inferences, with a minimum of experimentation, can be drawn 
from the combined group. 

The mean variations for the series with minimal differences 
are larger, on the whole, than those of the main series just men- 
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tioned. Although it is not possible in this case to observe any 
decrease in the variability as the differences become larger, yet 
the series as a whole confirms the data of Table II in that the 
variability is found to be larger when the conditions of judgment 
are such as to permit of only a small majority of correct answers. 

With regard to the choice of an arbitrary “threshold” for the 
comparison of individuals or for testing Weber’s law, it is a 
pertinent fact that the general increase of right judgments due 
to increasing the amount of difference between the weights is 
followed by a decrease in the mean variation. A few observa- 
tions on a large difference are therefore as significant as a larger 
number on a smaller difference because of the lower probable 
error of the average when the difference is large. There is 
nothing to indicate that a “just noticeable difference,” e,g., one 
giving 75% of right answers, gives particularly reliable results 
from this point of view ,* there is positive evidence that a larger 
amount of difference affords a truer measure of the observer’s 
average ability. 

If mistakes in judging difference are of the nature of lapses 
of attention, they may be attributed to distraction. There are 
always a certain number of conditions present which tend to 
reduce the maximum of mental efficiency and it may be presumed 
that these amount to a constant distraction. With lessening 
amounts of difference such constant distractions nullify more and 
more frequently the influences of the difference. A change in the 
regular conditions, such as the substitution of a less favorable 
space or time order, is equivalent to the introduction of a fresh 
distraction, and the result is an increase in the number of 
mistakes. 

Constancy of attention may be inferred from a relatively low 
variation in the number of errors for any given amount of 
difference or for a whole group. A low variation may also mean 
the elimination of excessively large errors as has been claimed 
above. At any rate, the experiment shows that a low mean 
variation accompanies a decrease in the total number of errors 
whatever the cause of that decrease. Conditions of keenest dis- 
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crinuiiatioix are also conditions of most reliable judgment ; states 
of stt'ady attention are associated with states of sharpened atten- 
tion. The fre(iuency of lapses of attention can be predicted with 
greatest assurance when the whole number of lapses per hundred 
is least. This mininmm of errors is attained under conditions of 
etusiest attention, that is, when a large difference and a positive 
constant tendency unite to increase the number of right judg- 
ments. On the other hand unfavorable conditions, while reduc- 
ing the number of right judgments, reduce at the same time their 
reliability. 

To free the observer from strain upon his attention is desir- 
able for itself ami, inasmuch as so doing increases the statistical 
value of his judgments, there can be little question that large 
difft'nsKH's rather than “thn'shold” values are the best substitute 
for a complete si'.ries of diffenmccs in cases when the complete 
series is preelude<l. 




UNIVERSITY OF CALIFORNIA PUBLICATIONS 

IN 

PSYCHOLOGY 

Vol. I, No. 2, pp. 73-197, 6 text-figures November 12, 1910 


THE PROCESS OP ABSTRACTION 

AN EXPERIMENTAL STUDY 

BY 

THOMAS VKRNKK MOORE. 


CONTENTS. 

PAGE 


Introduction 

I, Literature of the IVoblom 

IL The Method of Resoarch 

1. The Hniblem and the Experiments 

2. The Apparatus 

X Instructionfl to the Subject 

4. (’IttHHiticatiou of the Experiments 

UL Expt^rimentul KemiUs 

1. The Analysis of the Groups 

(a) Isolation of the Common Element 

(h) The Disappearance of the Surnmnding Elements 

2. The t^rocesH of Perception 

X The Factor of Memory in the Process of Abstraction 

(a) The Method of Memorizing 

(b) Memory as Related to the Sequence of the Sur- 

rounding Figures 

(c) Memory as Related to the Pocality of Perception.... 

4. The Process of Recognition 

(а) Analysis of the Experiments 

(б) Interpretation of the Results 

(i) The Immediate Experimental Conclusions 

(ii) The Basis of Judgment in Recognition 

IV. The Product of the Process of Abstraction 

nummary 

A List of References 

Appendix I: The Influence of Association on Perception 

Appendix M: Generic Images 


74 

76 

116 

116 

119 

119 

120 
122 
122 
122 
124 
127 
339 
139 

153 
158 
160 
160 
172 
172 
176 
180 
190 
, 192 
, 194 
. 196 



74 University of California Publications in Psychology, ['V'oL l 


INTEODUCTION. 

The decade that is just now drawing to a close has witnessed 
a notable extension of the field of psychological research. In 
the beginnings of modem psychology the field of experiment 
was seldom extended beyond the domain of sensation. Progress 
in physics and physiology made it possible to subject our sensa- 
tions to experiment, and for some time the sensory processes 
received the chief share of the attention of psychologists. It 
was not long, however, before the emotions began to receive their 
due amount of consideration and the invention of the plethys- 
mograph opened the way to a new line of research. But only 
within the last ten years has the experimental study of such 
higher processes of thought, as abstraction, commenced to de- 
velop. The impetus to this new development has come mainly 
from Professor Oswald Kiilpe at the University of Wurzburg. 
The present research, although its origins are not to be traced 
to the school of Wurzburg, belongs to the field which Professor 
Kiilpe and his students have so admirably developed. Our 

{ problem was to study the mental processes involved in the 
formation of our abstract ideas. It is indeed true that the very 
existence of such ideas has been called in question. StiU we 
may at present assume, for the purpose of stating our problem, 
that it is possible for the mind to perceive a series of objects, and 
to recognize some one quality or group of qualities as recurring 
constantly in every member of the series. The botanist exam- 
ining a set of specimens will classify them according to certain 
characteristics which mark off the genera and species. The 
group of characteristics constitutes what may be termed his 
concept of the genus or species that he has segregated. Of each 
species he has a more or less definite ‘‘concept,” by which he 
can represent to himself a number of specimens, no two of which 
are precisely the same. Such “concepts,” whatever may be 
their real nature, are facts of conscious experience; we form 
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them and use them incessantly. But what after all is the 
‘‘concept”? What is the process of its formation? This is 
the problem of the present research. 

The history of the problem dates back to the days of the 
Greek philosophy; but only within the last few years has it 
been subjected to an experimental investigation. The more 
recent literature is of immediate interest for our present prob- 
lem. The metaphysical discussions, valuable as they are within 
their own sphere, bear only indirectly on the experimental 
question. Consequently, only the experimental literature bear- 
ing in some manner on the process of abstraction has been 
analyzed. Not every allusion in the extensive psychological 
literature of the day could be picked out, but a general account 
of the important pieces of experimental work from Galton to 
the present time has been given. The individual studies have 
been analyzed with some completeness because the history of 
the literature is an integral part of the evidence on one point 
of the present study, viz,: Is there or is there not a distinction 
between thought and imagery; and if so, in what sense is thought 
to be interpreted? 
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1 . 

LITERATXJRB OF THE PROBLEM. 

The first experiments which in any way approached the 
domain of onr abstract ideas were made by Francis Galton in 
1878. In the Proceedings of the Royal Institution of Great 
Britain for 1879^ was published his memoir on Generic Images. 
In this article he refers to an earlier one in the Journal of the 
Anthropological Institute for 1878.^ The bearing of these ex- 
periments on abstraction is suggested rather than direct. But 
they have become the basis of the now famous composite-image 
theory of ideas, and are therefore deserving of mention. Galton 
described in this article the composite photographs which he 
had just succeeded in obtaining. These he compared to ‘*our 
general impressions.” Just what he meant by “our general 
impressions” is not clear; but he congratulates himself that his 
explanation coincides with that of Professor Huxley in his work 
on Hume. “I am rejoiced,” he says, “to find that from a 
strictly physiological side this explanation is considered to be 
the true one by so high an authority, and that he has, quite 
independently of myself, adopted a view which I also enter- 
tained, and had hinted at in my first description of composite 
portraiture, though there was no occasion at that time to write 
more explicitly about it.”® 

Huxley’s meaning is clearer, and to him we may turn for 
an outline of the theory. In the above-mentioned work on 
Hume, the following quotation gives a clear idea of the generic 
image theory of general concepts. 

1 Pp. 161-171. 

2 This article is mainly concerned with the technique of composite 
photographs. 

s Proceedings of the Soyal Institution of Great Britain, 9, 1879-1881, 

p. 166. 
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‘^Now when several complex impressions which are more or 
less different from one another — ^let ns say that out of ten 
impressions in each, six are the same in all, and four are dif- 
ferent from all the rest — are successively presented to the mind, 
it is easy to see what must be the nature of the result. The 
repetition of the six similar impressions will strengthen the 
six corresponding elements of the complex idea, which will 
therefore acquire greater vividness; while the four differing 
impressions of each will not only acquire no greater strength 
than they had at first, but in accordance with the law of asso- 
ciation, they will appear at once, and will thus neutralize one 
another. 

“This mental operation may be rendered comprehensible by 
considering what takes place in the formation of compound 
photographs — ^where the images of the faces of six sitters, for 
example, are each received on the same photographic plate for 
a sixth of the time requisite to take one portrait. The final 
result is that all those points in which the six faces agree are 
brought out strongly, while all those in which they differ are 
left vague; and thus what may be termed a generic portrait 
of the six, in contradiction to a specific portrait of any one, is 
produced. . . . 

“The generic ideas which are formed from several similar, 
but not identical, complex experiences are what are commonly 
called abstract or general ideas; and Berkeley endeavored to 
prove that all general ideas are nothing but particular ideas 
annexed to a certain term which gives them a more extensive 
signification, and makes them recall, upon occasion, other indi- 
viduals which are similar to them. Hume says that he regards 
this as ‘one of the greatest and the most valuable discoveries 
that has been made of late years in the republic of letters, ' and 
endeavors to confirm it in such a manner that it shall be ‘put 
beyond all doubt and controversy.’ 

“I may venture to express a doubt whether he has succeeded 
in his object; but the subject is an abstruse one; and I must 
content myself with the remark, that though Berkeley’s view 
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appears to be largely applicable to such general ideas as are 
formed after language has been acquired, and to all the more 
abstract sort of conceptions, yet that general ideas of sensible 
objects may nevertheless be produced in the way indicated, and 
may exist independently of language. ’ 

It would thus seem that Huxley’s theory — and probably 
Galton’s also — ^is that only our abstract ideas of sensible objects 
are to be compared with the composite photographs. Galton 
points out that the mind in forming its generic images is much 
less perfect in its mechanism than the camera. ‘^Our mental 
generic composites are rarely defined; they have that blur in 
excess which photographic composites have in a small degree and 
their background is crowded with faint and incongruous im- 
agery. The exceptional effects are not overmastered, as they 
are in the photographic composites, by the large bulk of ordinary 
effects. 

The experiments on composite photographs were not experi- 
ments on abstract ideas — ^they merely suggested a theory of 
general concepts. Nor did Galton’s later experiments on mental 
imagery® approach very much nearer the problem. They called 
general attention to mental imagery and perhaps stimulated the 
next investigation of any importance*^ which was made by Eibot. 

In October, 1891, M. Eibot published in the Revue Philoso- 
phique^ his ‘‘Enquete sur les idees generales.” This he after- 
wards amplified in the fourth chapter of his book, Evolution 
des idees generates,^ His problem was this : At the moment of 
thinking or reading or hearing a general term, what is there in 
consciousness — ^immediately and without reflection^ On the 
basis of the imagery which his subjects reported he classified 

4 Huxley, David Euine, New York, 1879, pp. 92-94-. 

5 Loc, cit,, p. 169. 

6 Cf. Inquiries into Euman Faculty, 1883, Section on Mental Imagery. 

7 The article entitled ^^Observations on General Terms,’’ by S. E. 
Wiltse, in the American Journal of Psychology, 3, 1890, pp. 144-148, was 
only tentative and contained no definite results. 

8 Yol. 32, pp. 376-388. 

8 Paris, 1897. 
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tht‘in into: (1) The concrete type (visual or muscular imagery 
of an object). (2) Typographic visual type (visual image of 
tlie printed word). (2) Auditory type. A great many of Ms 
subjects said that they had nothing in mind. For example, 
fifty ju»r cent, of the answers to the imagery of the word ‘cause’ 
said that the subjects had represented to themselves nothing at 
all. M. Ribot then asked himself the question, What is tMs 
“nothing”? The wor<l alone? No. Otherwise there would be 
no <lifferenee betwwn a general term and a word of a language 
that one <Uil not utuh'rstand. The word is a sign of some object. 
We have learned the mental habit of designating many objects 
that have sotne point of agreement by this symbol. The objects 
<U«HignHte<l lie hidden and are unconsciously represented by this 
g«‘neral tt‘rm. “(leueral ideas are habits in the intellectual 
orchT.” Our hightT concepts consist of two elements — one clear 
and <a)ns<-iouH, and this is always the word which may at times 
lie a<'<‘<impani<‘<l by sttme shred of imagery. The other element 
is oliHcun* uml uiuamseious. M. Ribot refrains from saying 
precisely what this obscure and unconscious element is. Prom 
the context it would setmi that he means the unconscious trace 
left by tlu* habitual use of the word to designate various objects. 

A wonl of criticism may be said in passing. M. Ribot’s 
interpretatiotj <if this “nothing,” which accompanies the per- 
<-eption of n general term, is pimdy theoretical and is not based 
on any published data given by his subjects, h nrthermore, 
he has m*t f<ilIow«'d out his sign theory to its logical conse- 
qiienw'S. For every sign, we. have on the one hand the object 
signifhHl an<l on the other, ilw signification. Smoke has on the 
one hand fire, of which it is a sign, and on the other a signifi- 
catioti ill the min<l <if the observer. If, then, general terms arc 
signs, they hHV«'i on th<( om« hand the objects that they signify, 
and «m the other a signifieation. This signification, as M. Ribot 
admits, is not the image and not the word itself. It certainly 
is not thi‘ ummnscii.us factor h<* speaks of-for he would scarcely 
maintain that his subjects were not conscious of the meaning 
of the wortl. It is therefore a clearly conscious mental process 
distinct from both the image and the word. 
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M. Eibot ’s work comes closer to being an experimental study 
of the problem than G-alton’s experiments on composite photo- 
graphs. Had he examined the state of mind of his subjects 
when they lacked imagery and not trusted to theory on that 
point, he would have carried his investigation into the heart of 
the problem of abstract ideas. 

After Galton and Eibot the study of mental imagery took 
up no small portion of the time and labors of psychologists. 
But the extensive literature on imagery is not directly concerned 
with the problem of abstraction. 

An excellent piece of work in this field of research is that 
of William Chandler Bagley of Cornell University.^® He under- 
took to study the effect of imperfectly formed words on the 
perception of spoken sentences, and parts of sentences. The 
words and sentences were first recorded by a phonograph, the 
initial, middle, or final consonants being unpronounced. The 
subject listened to the phonograph, and was called upon to 
repeat what he heard, and analyze the mental processes he 
experienced. The section of the work which bears upon our 
problem is that entitled ‘^The Conscious Process Involved in 
the Apperception of Spoken Symbols.’’ In comparison with 
the later German experiments, Dr. Bagley ’s are remarkable for 
the very frequent occurrence of imagery of one kind or another. 
His subjects in perceiving the meaning of sentences report with 
surprising frequence the presence of visual, auditory or kin- 
esthetic imagery. This might be due to the fact that Dr. 
Bagley ’s subjects were capable of sharper introspection than 
the German psychologists. Still this can hardly be the case. 
The German psychologists, among whom are such men as Pro- 
fessor Kiilpe, cannot be supposed to be lacking in the power 
of introspection. Another possible explanation is that Bagley 
laid special stress upon the report about imagery and in that 
way developed in his subjects a ‘Hask” to associate definite 
images with the given sentences. 

10 ^*T]ie Apperception of the Spoken Sentence: a Study in the Psychol- 
ogy of Language.’* American Journal of Psychology, 12, 1900-01, pp. 80- 
134. 
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Though his subjects generally experienced imagery in the 
perception of the meaning of a sentence, still he finds cases 
in which this imagery is lacking. One factor which has to do 
with the lack of imagery is that ‘^familiarity with the sentence 
sometimes militates against a clear and direct reference on the 
part of the observer.’^ In this his results agree with those of 
Dr. Taylor reported below.^’- Bagley’s general conclusion is 
that, 

“The consciousness concomitant with the apperception of 
auditory symbols is made up of sensational and affective ele- 
ments — ^some peripherally, some centrally aroused — ^in connec- 
tions which vary in character with different individuals and 
under different conditions. These connections are arranged in 
patterns which change rapidly into one another, and are in 
general transitory and £eeting. When the attention is directed 
to the peripherally excited elements exclusively — ^when the ex- 
ternal stimuli occupy the burning point of apperception — ^the 
meaning which they as symbols should convey is not clearly 
apperceived. When the attention is directed upon the centrally 
aroused ideas which the symbols suggest, the ‘ meaning' is ap- 
perceived, but errors and lapses in the stimuli are apt to pass 
unnoticed.” (p. 125.) 

He thinks that Stout goes too far in suggesting the existence 
of representative mental contents different from “visual, audi- 
tory, tactual, and other experiences.” He thinks that his ex- 
periments lead him to no such conclusion. “From the series 
of observations which were made in the course of our experi- 
ments, no conscious ‘stuff' was found which could not be classed 
as sensation or affection, when reduced to its ultimates by a 
rigid analysis. Neither do our experiments show that there is 
in the apperception of spoken sentences such a thing as ‘image- 
less apprehension.’ ” (p. 126.) 

Still Dr. Bagley finds something which he does not feel 
justified in putting down as either imagery or feeling. To 
this something which is not imagery or feeling and still has to 


11 See p. 87. 
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do with the understanding of the sentence, he applies the name 
^mood.’ '‘We may say with Stout that the new is referred to 
a mental ‘system,’ in so far as such a system is a mood, an 
attitude, a tendency, ah adaptation. The mind adjusts itself 
uniformly to uniform conditions: this seems to be the essence 
of the apperceptive ‘mood.’ When C, in the sentence 
“The play was bad,” interpreted ‘play’ as a drama, her mind 
adapted itself in a degree to the drama environment. This 
was not necessarily a focal reference to a given play, but the 
mind was in the dramatic ‘mood.’ Should particular parts 
of a typical play-environment have been ideally reproduced, the 
situation would only have been reinforced. Should certain 
verbal ideas such as ‘drama,’ ‘theaters,’ ‘Shakespeare,’ etc., have 
been reproduced in consciousness, either visually, auditorily or 
kinesthetically, these ideas would have been constituents of 
the dramatic ‘mood,’ but not necessarily the fundamental con- 
stituents. The fundamental constituents may and do vary from 
time to time. Only very seldom can they be called constant, 
and the ‘constant supplements’ which we have noticed are in- 
stances of such occasions. The fact that the focal constituents 
of the apperceptive consciousness are not necessarily consistent 
with the situation represented bears testimony to this point of 
view. “There was not room for a stove in the corner”; with 
this sentence one observer imaged distinctly a stove in the 
corner of a small, otherwise bare room. His own surprise at 
the inconsistency of this imagery was shown by his exclamation 
upon recording the introspection: “But there was a stove 
there!” (p. 127.) 

A ‘mood,’ therefore, is something that has to do with the 
past experience of the subject in regard to the words of the 
sentence that is understood. Just what it is, as a present psy- 
chical state. Dr. Bagley does not say. It is the revival of past 
experience. It is not mental imagery, although mental imagery 
enters in as a partial element in the complex termed ‘mood.’ 
If this is so, what is that present psychical state in the mood, 
which is neither imagery nor feeling? It is not past experience, 
fdr the past is not present. It is not revived imagery and 
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fwlini?, for Dr. Bagley admits that the mood contains something 
bt’s'uU's imagery and feeling. It therefore seems that Dr. Bagley 
has found something more than he is willing fully to recognize. 
IFus I'xperiinents, like those, of the later German writers, reveal 
tla* existenee of an iniageless mental content. Just what we call 
this is not of prime, importance. But its existence should be 
recognized. 

In lODl appeared Marhe’s*® experimental study of judgment. 
Ilia main problem is not that of the present work, hut it is an 
early attempt to apply the experimental method to supra- 
wusmms mental procisses. lie also mentions, as a side issue, 
his attempt to develop the experiments of Ribot. The work 
Wiis tloue in Prof<‘s.sor Kulpe’s laboratory at the University of 
Wiirzhurg, wlu'rc Dr. Marhe was at the time Privatdozent of 
Philosophy. The nu'thod is essmitially the same as that of the 
laU‘r Wiirzhurg experiments which are described below. His 
Haal eonelusion in regard to the judgment is that any special 
imuitnl prcHH'Hs -a wortl or gesture or image— may become a 
judgment. Taken literally, this eonelusion is not borne out by 
tla* experiments. What tln^y stfem to prove is that a judgment 
niay be signilietl by a variety of different processes. And this 
may be the autlmr’s meaning («f. Ghapter HI). The perception 
tif a judgment, however, is not a smisation or an image or a 
feeling, t»r anything that can be pointed out in consciousness. 
The perception of a judgment is a knowing— a “Wissen” (cf. 
p. 17). 

In his eoneluding remarks on experimentation in the domain 
(if logic Dr, Marls* mentions Ribot ’s work, L’Evolution des 
ith'ts ijnu ralis, and refers to some similar experiments of his 
own on ideas and imagery. His meaning is not clear to me, so 
I (tuote entire the brief account of his work in this field (pp. 09- 

H'l). , _ 

••Seit den Jieiten des Hokrates hat man angenommen, daB 
den Hegriffen im Hewusstsein ausser den zugchbrigen Worten 
irgeml etwas direkt e.itspr.-che, d. h.. daB es neben diesen Worten 

'”"7rKrMitfbc. JiV/ieriwf'«<eH-weA(ge.vwc/iO ViUerMcMngm iiber das 
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psycMsche Gebilde gabe, welehe der Gesamtheit der Gegen- 
stande, auf welehe sich die Worte beziehen, korrespondieren 
sollen. Diese Gebilde wurden -arspriinglich, wie gelegentlich 
noch heute im Gegensatz zu den Worten, die nnr Zeichen ihrer 
Bedeutimgen sind, als Abbilder derselben auf gef asst, indem sie 
die gemeinschaftlichen Merkmale ihrer Gegenstande im Bilde 
enthalten sollten. Seiche psychisehen Gebilde hat man spater 
je nach dem Grade der Abstraktheit, den man i^en zuschrieb, 
bald als Gemeinbilder, bald als allgemeine Vorstellungen, bald 
als Begriffsvorstellungen bezeichnet. Obgleieh, wie bekannt, 
ihre Existenz schon im Altertum und Mittelalter bestritten und 
in der Neuzeit hauptsachlich durch Berkeley bekampft wurde, 
so halt man doeh auch heute noch vielfach in der einen oder 
anderen Form an derselben fest. Auch die Frage, oh es solche 
psychologische Aquivalente der BegrifEe giebt, ist eine rein psy- 
chologische, und ihre Behandlung sollte nieht, wie es in der 
Eegel geschieht, mit logischen Untersuchungen vermischt wer- 
den. Die Aussagen unserer Versuchspersonen iiber die Bewusst- 
seinsvorgange, welehe sie nach dem Erleben von Urteilsworten 
und XJrteilssatzen zu ProtokoU gaben, enthalten iibrigens nichts 
von solchen Parallelerscheinungen der Begriffe, ebensowenig, wie 
die wertvoUen Untersuchungen von Eibot,^® in welchen dieser 
Forscher einer Eeihe von Beobachtern Substantiva zurief, um 
sich dann von ihnen sagen zu lassen, was die gehorten Worte 
fiir Erlebnisse auslosten. Ich selbst habe mehreren Beobachtern 
ca. 20 Substantiva zugerufen und mir dann von ihnen berichten 
lassen, was fiir Erlebnisse die zugerufenen Worte erzeugten. 
Dann gab ich denselben Beobachtern der Eeihe nach verschiedene 
Karten in die Hand, auf welchen jeweils ein Substantivum auf- 
gedruckt war, wahrend sie nach einigen Augenblicken die Erleb- 
nisse zu ProtokoU geben mussten, die durch den Anblick der 
gedmekten Worte in ihnen ausgelost wurden. Endlich stellte 
ich ihnen die Aufgabe, die BegrifEe: Baum, Volk, Gesellschaft, 
Zeit u. a. zu denken und mir dann die Eesultate ihrer Bemii- 
hungen mitzuteilen. In alien diesen Fallen zeigten die Proto- 

^Evolution des idees generales. Paris, 1897, p. 127ff. 
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kolle niehts von Begriffsvorstellungen n. dergl. Die Erlebnisse 
der Beobachter bestanden vielmebr ausscbliesslicb in Wabrneh.- 
mungen, Vorstellimgen und Bewusstseinslagen, die teilweise 
gefiihlsbetont, teilweise ohne jeden Gefiihlston verliefen. Man 
wird also wohl sagen diirfen, dafi es keine psycbologischen 
Aquivalente der Begriffe im Sinne der Begriffsvorstellungen 
giebt. Jedenfalls aber seben wir leicht ein, daB aueb diese Frage 
experimentell bebandelt werden kann und muB und daB sie die 
Logik weiter nicht tangiert.’’ 

Tbe obscurity arises from tbe fact that it is not perfectly 
clear whether Marbe merely denies tbe existence of the general 
images which Bishop Berkeley^^ termed abstract ideas, or that 
he claims that there are neither general images nor universal 
concepts. 

It would seem, however, that Marbe found no evidence for 
the existence of a general image in the understanding of the 
words given to his subjects. He did find, however, Wahrneh- 
mungen, Vorstellungen, and Bewusstseinslagen. This latter is 
a term introduced by Mayer and Orth^® to represent certain 
‘‘states of mind’’ which are more or less refractory toward all 

14 << Whether others have this wonderful faculty of abstracting their 
ideas, they can best tell; for myself I dare be confident I have it not. I 
find indeed I have indeed a faculty of imagining, or representing to 
myself, the ideas of those particular things I have perceived, and of 
variously compounding and dividing them. I can imagine a man with 
two heads, or the upper parts of a man joined to the body of a horse. 
I can consider the hand, the eye, the nose, each by itself or separated 
from the rest of the body. But then whatever hand or eye I imagine, it 
must have some particular shape and colour. Likewise, the idea of man 
that I frame to myself must be either of a white, or a black, or a tawny, 
a straight or a crooked, a tall or a low, or a middle-sized man. I can not 
by any effort of thought conceive the abstract idea described [in his 
previous account of the abstract ideas of the traditional logic]. And it 
is equally impossible for me to form the abstract idea of motion distinct 
from the moving, and which is neither swift nor slow, curvilinear nor 
rectilinear; and the like may be said of all other abstract general ideas 
whatsoever.’’ A Treatise concerning the Principles of Human Knowledge. 
Introduction, 10, pp. 141-142, vol. I of Braser’s Oxford (1871) Edition 
of his Works. 

It is evident from the context that Bishop Berkeley does not dis- 
tinguish between the mental image and the abstract concept — ^between 
what is termed by the later Wurzburg School the Vorstellung and the 
Begriff. 

15 * ' Zur qualitativen Untersuchung der Association. ’ ’ Zeitschrift fur 
Psychologic und Physiologic, 26, 1901, p. 6. 
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analysis — ^and in which images (Vorstellungen) are not to be 
found. In a later study^^ Dr. Orth attempted to show that the 
Bewusstseinslage was not a state of feeling. 

That part of Dr. Narziss Aeh’s work Uher die Willenstdtig- 
Jceit und das Denkenf-'^ which refers to thought has a direct 
relation to this line of work, which we may consider as originat- 
ing in Eibot’s “Enqnete sur les idees generales.’’ The Bewusst- 
seinslage of Marbe appears under the name of Bewusstheit, 
This author too has recognized the existence of mental states 
in which there ‘‘could not be detected any such phenomenal 
elements as visual, auditory, or kinesthetic sensations or memory 
pictures of such sensations which qualitatively determined the 
mental content reported as knowledge’^ (p. 210). There are 
often present along with such states of consciousness words or 
fragments of words. “Such a presence of kinesthetic or audi- 
tory kinesthetic images may well be the cause of the widely dis- 
seminated hypothesis that our thought continually takes place 
in" an inner speech or adequate visual, acoustic, or similar kinds 
of memory images. Against such a view one must point to 
the fact that there are very complex contents in which, as already 
mentioned, the partial contents are consciously represented in 
their manifold opposing relations and still these individual con- 
tents are not expressed by any adequate vocal designations and 
the like — and indeed, it is absolutely impossible that they should 
be” (p. 215). 

The question then arises, what are these imageless states of 
consciousness? This Dr. Ach explains by an example: “Every 
idea which is given in consciousness, for example, the word 
‘bell’ puts, as is well known, a number of ideas in readiness, 
with which it stands in associative connections. This putting 
of ideas in readiness, or stimulation of tendencies to reproduc- 
tion, suffices for the conscious representation of what we call 

i«I)r. Johannes Orth, Gefuhl und Bewusstseinslage, Sammlung von 
Abhandlungen aus dem Oebiete der Padagogischen Psychologic nnd Physi- 
ologic, edited by Ziegler and Ziehen. Vol. 6, No. 4. Berlin, 1903, cf. 
especially pp. 69-75. 

1*^ Gottingen, 1905. 
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^meaning’ without its being necessary that the ideas should act- 
ually become conscious” (p. 217). A nonsense syllable or a 
word in an unknown language does not place in readiness any 
such set of tendencies to reproduction and consequently has no 
meaning. Every signification and every idea is an associative 
abstraction because it picks out some of a vast number of pos- 
sible associations. And no signification is identical with any 
other but only more or less analogous.^® 

The problem of the understanding of words and sentences 
was taken up by Dr. Clifton 0. Taylor in 1906.^® His first 
experiment was based upon a similar one made by Marbe in 
the “Philosophischen Gesellschaft” during the winter semester 
of 1904, and may be considered as a continuation of Marbe ’s 
line of work. He read to his subjects the following sentence: 
^‘Imagine that in a rectangular space a plane is laid passing 
through the upper and lower edges of two opposing sides. The 
plane then must stretch obliquely through the space. How 
many such planes can you imagine in this space?” Then fol- 
lowed seven subordinate tasks based upon this fundamental 
problem. 

From the protocol obtained from his subjects it was evident, 
that for the understanding of sentences expressed in concrete 
terms the development of mental images can be useful, but 
that they are not indispensable. These auxiliary images be- 
come less frequent the more familiar the subject is with the text. 

A second experiment was carried out in which the subject 
read a text from Gegenbauer’s ‘‘Anatomic.” He had to take 
care that he understood the text perfectly, and while reading 
marked the places where he experienced any mental imagery. 
Visual imagery aided materially in understanding the text. 
But on writing out the text and then rereading the written copy, 
the imagery was reduced from fourteen pictures to but one in 
the third reading. On the other hand, from experiments with 

18 For a criticism of Dr. Ach^s view see below, p. 181 ff. 

i8*^IJeber das Verstehen von Worten und Satzen.’' Zeitschrift fur 
Psychologie, 40, 1906, pp. 225-251. 
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the following stages: (1) The hearing of the word. (2) The 
perception of its sense. (3) An effort to call up an image or 
determine a thought. (4) The appearance of the image. One 
of the observations of Armande shows very clearly the distinc- 
tion between stages two and three. “As yet there are no images 
(at the moment of choice) and I know why there are none: 
When there are many things such — ^for example, a house, there 
are many houses — ^it is necessary to choose. Just then I think 
about it without representing anything to myself as an image’’ 
(p. 75). Sometimes, however, says Binet, the image comes with- 
out being sought. 

Binet gives a special chapter to the problem of thought 
without images. The conclusion at which he arrives is that 
neither visual imagery nor internal words, either alone or to- 
gether, account for that complex mental process which we term 
thought. The grounds for this conclusion are the many in- 
stances in which his subjects had not and could not find any 
visual imagery for their thoughts. And again there were times 
when he thought that he could determine that word-imagery 
was also entirely lacking. 

Binet also attempted, and with success, to have his little 
girls give a rating for the clearness of their images. These 
ratings ranged from 0 for very weak images up to 20 for images 
as clear and well defined as actual sensations of sight. 

In Marguerite there were three well-defined groups : 

I. A group in which the rating was usually 20, or a little 
below. This group contained memory images of well known 
objects or things recently seen. 

II. A group in which the rating ranged from 10 to 15. This 
group contained memory images of objects not recently seen. 

III. A group in which the rating ranged from 3 to 6. This 
contained memory images of things read or heard about and 
fictitious images of imagination. 

With his other subject, Armande, the differences were not 
so clear. M. Binet gave up hope of finding any regularity. 
He published, however, the ratings for the three classes. The 
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averages, ■which he did not give, are for {.Uasa I, (5.2; Class II, 
4.9; Clas.s III, 2.8. Considering that Armande’s ratings ranged 
from 0-12, and Marguerite’s from 0-20, one would not expect 
the classes to be so well defined. The ratings of Armande, 
however, show the same tendency ais timse of Mairguerito-— onl>' 
not so marked. The small number of cji.s«>s, however, leaives tho 
result uncertain. 

In his discussion of the theory taf alistraet tiiought and iinageis 
M. Binet says that his data would support any th<>ory. ir«>> 
makes this claim on the basis of a strange as.sumptiou that tint* 
discussions between nominalLsts and risalists and eoneeptualist#* 
have always concerned imag«>s and not thoughts. lie does not 
exactly state this a-ssumption but it is evi<lent from the text. 
He then conus to his intentional tiustry of tlie image. Tlxt? 
image may he used by the person to re[ir(!s<mt a parti<nilar <.>** 
general signification. It reprtaents wiiatever th«! suiiject intnuifi 
that it should. He would place, tiierefore, intentionism as *». 
new theory alongaich? of realisni, nominnlism, and coneeptualiat»ii. 
With Hinet then there is thought, imagt>, aiul object. Tlxit 
image i.s an arbitrary sign to which the suiiject gives at will 
a particular or general significance. In our mental life th«rt> 
are thme distinct classes of phenomena —thought, image, atiitl 
interior language. Association alone dtnm not account for tlx«» 
mechanism of thought. It is more complex and supposes coxx- 
stantly such operations as choice and tlirwition. The stream 
of thought is far wider ami <i«M‘jH*r than that of «iur imagtiry. 
The last sentence of the lawk is this: “Finally -and this in 
the main fact, fruitful in consetiueuces for the philoHophern - 
the entire logic of thought escapes <iur imagery.” 

The next experimental work on alwtractitiu was that **f 
Professor Kiilpe. A rtiport of this was read at the (lermixti 
Psychological Congress, which met at (luwsen in the Humnti*»r 
of 1904. This was the Isiginning of a series of experimerit»»l 
studies by several of Kiitpe’s students in his lalsiratory 
Wurzburg. 

The first experiments of I’rofiwsor Kiilpe were made in tl»»* 



1910] 


Moore: The Process of Abstraction. 


91 


summer of 1900, with Professor Bryan of Indiana.®*^ Kiilpe 
was not satisfied with these and decided to take up the problem 
again with improved methods. By means of a stereopticon 
lantt'rn he projected upon a screen in a dark room the figures 
that were to be observed by the subject. The objects pro- 
jected were nonsense syllables, four in number, which were 
grouped at equal distances around a given point of fixation. 
Each nonsense syllable consisted of a vowel and two consonants. 
The syllables might be in four different colors — ^red, green, 
purple, or black. In the different experiments also the four 
syllables were grouped so as to form various figures. A group 
of syllables forming with their different colors some kind of 
a figure was termed by Kiilpe an object. The subject could be 
itwtructed to observe the object from some definite point of 
view, or ho could be left to observe the object without any 
pn*8crilwd task. There were four points of view given to his 
sultjects : 

1. The determination of the entire number of letters visible. 

2. The determination of the colors and their approximate 
positions in the field of consciousness. 

». The <letermination of the figure which the grouping of 
th(* syllabli^ formed. 

4. The determination of as many letters as possible, with 
their positions in the field of vision. 

The number of statements possible to any subject about the 
individual letters could be classified as follows: (o) The entire 
number of statements made; (6) the correct statements; (c) the 
incorrect; (d) the indeterminate statements; and (e) those that 
could have be<m made but were not. Bach division could then 

rated by its proper percentage of the entire number of state- 
ments. Where task and statement come together (i.e., in the 
statements about the task) the percentage of correct (6) state- 
ments is a maximum and that of unmade (e), indeterminate (d), 
and in general also false (c) statements is a minimum. This 


310 KUUms “Verauchfl uber Abstraktion.” jBjmoht ub^ 
gre$» fur exverirMntello Psyehologie in Oiesten, 1904. Leipzig, 1904. 
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proves that “Abstruetion in the sense t.f an aeeetitnatiun of 
certain portions of a mental content, i.r., positivt' abstraction, 
sueeeeds bt'st when a preoccupation of cotiKcionsncas— a predis- 
position for the partial cont«*nt. is wivcn or provided for.” 
(op. cit., p. (il.) 

Negative abstraction— the teinlency to neglect or forget all 
but the one thing alistracted' is the more complete the gnmtor 
the difficulty of the tjisk. 

In explaining tlu'se results Kiilpe asks what is the reason 
for the effect of the task? “Were,” he writes, “the vlement:^ 
or the colors seen iliffen-ntly uiuler the intliienee of eomstpou cl- 
ing or heterogeneous tasks, or were they apprehemled {auft/* - 
fassl) differently? . . . Acctirtling t«i «mr protocol ami tUt» 

entire eomlitions of the experiment, to that tjaestum <«u‘ eaxt 
only answer that the difference lies merely, or at lejist chiefly, 
in the apprehension atul m.t in tlie sensatutas” (p. fid). Tl»»‘ 
ta.sk d(K-s not affei-t sensation but it tloes affeet appereeptit»*t. 
If that is so. then there juust }»• a distinelion between sensati<»uM 
and our pereeptitut of tlo-m. "That this distinetum must Iw 
made in much the same sense in which we tlistinguish betwt****i 
physical phenomena and our eonseitmsness of them; that, iti 
other words, the oUl diK-trine of an inner sense with the i*t 
volvcd idea of a <listinction U tween the reality <tf conscU»usii«i>*« 
ami ohjectivity must now have its opportune renewal in t It** 
<lomaiu of psychology this is the priueipid r<*snlt that I w<n»l*l 
draw fr<tm my experiments,” i p. «17, i 

Henry .1. Watt, a stmlent of Professor Kiilpe, publishftl 
in 1SKI5 his ingenious attempt to upproneh the experimeitt Jtl 
tn'atment of the supra si'iisuous mental pr«M*e.ss*s by a study «*f 
reactions of 8.ssiM*ialion. As is well ltti*»W'n, the reactiou-t.it***' 
of itsstKaation was originally measured by experiments in wtiit-l* 
the subject was instructed t«i respond t«< a given Wiird with 
the first that oceurnsi to his mind Watt modified this t**riii 
of procedure hy limiting the freetlom of the subject, .si'ttttig 

Kupenmelilelle IU'iffilg« •’»> eoo'f Tfiinijrje ile# peukeiis. Ar<.-h-.t.- 
fnr it» ifiM. , 4, tt'o's !-p -s!* <-**■ 
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before him a more definite “task.” He was to respond, not 
with any word at all, but with a word that bore a certain kind 
of relation to the word given as a stimulus. The subject had 
six of these tasks, constituting six separate sets of experiments. 
They were : 

1. Seek a word under whose meaning the given word is 
included. 

2. Seek one which is included under the meaning of the 
given word. 

3. Seek the corresponding whole. 

4. Seek a part. 

5. Seek a coordinate idea. 

6. Seek another part of the common whole. 

All the words given were familiar nouns, nearly always 
consisting of only two syllables, and never evidently compound 
words. Five hundred such words were found and printed for 
use in the various “tasks.” 

One of the principal objects of research in this study was 
the influence of the “task” on the whole course of events in 
a given experiment. In analyzing the results it appears that 
there are two general classes into which the experiments may 
be divided: (1) That in which the association is found by a 
simple and direct process which suffers no disturbance in its 
course. Verbal and visual images may be present but they help, 
or at least do not hinder, the finding of the required association. 
(2) The second class is that in which the development is com- 
plex. The subject tries two or more paths before he hits upon 
the one that gives the desired result. 

The first class of associations is subdivided according as 
(a) visual images give rise to the association, or (b) a verbal 
image or a group of verbal images, or a condition of recollection, 
etc., or (c) no kind of imagery or media of association can be 
determined to show how the word spoken was found. 

In reproduction of complicated development one can point 
to two subclasses: (a) The subject sought for something else, 
or some other idea hung in his mind without his being able to 
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determino jiist what it was. (6) The subject sought after some 
more or less definitely determined idea, hut could not find it; 
or he had something in mind, but for one reason or another 
rejected it. 

One way in which the influence of the tjiak manifested itsolf 
wjis the mode in which it detenninetl the means of the associ- 
ation. Task :i (whole), 4 (part), and ti (part of the common 
whole) tend to increase the iwe of visual images. Task 
(species) tends to inewase the use of verbal imagt's, and Task f» 
(eoiirdinate ideas) ti-nds to <lo away with the use of both verbal 
and visual imagery. 

Under the hea<l of visual imag«<s Watt brings forward some 
interesting facts that bear in the main upon two importtmt 
problems. One is the problem with which lierkeley found «*» 
much difficulty: Ar»' all imagt's tiefinitt* atul concrete, or is* 
there any such thing as a general imagef The introspect it»»» 
of his subjects setuns to point t<i the existencit <»f what io at 
a very indefinite image. We iju«»te some exampUts that he h«« 
given as ty{>ical: “ilidt*: Image of an animal htrso thickly 
eovered with hair (x'ery imelear). To what animal it holong'fHi 
I do not kjunv. (train: Fleeting image ttf a rye or wheat 
—the species was not clear. Mouth (Maul ) ; Beast. Dark 
image of an uttt'rly undefinabh* animal. It eould have b«‘vn 
an ox, or a htirse, <ir a «log with stronger <bdiniti<m of th« heutt 
and mouth region.”’’ Watt ealls attention to the fact that 
in tliis Ijist case tin* image diti funetiott as if jt were univerHat. 
One can, he says, maintain that it was in wality concrete atitl 
definite, hut he can not prove his «‘ontetition. Still, scar€«»ly 
any one wouhl wish to make s»eh a contentiiui. Vague, indtia* 
tinct imag(« are often like a ehild’s drawing - they neinl mt««r« 
pretation. When we lalsd them we kruiw what they are, but 
to the uninstrueted olwerver tlay may stand for a numlHir «>f 
things. After calling attentioti to the existenee of such 
eral” images, Watt then points <iut how illogical it would Im 


« Op. nt., p. :ifi4. 



1910] 


Moore: The Process of Abstraction, 


95 


to infer from the existence of the general image the non-exist- 
ence of the universal idea. 

The second problem on which he touches under this heading 
is the position of the mental image in our mental mechanism. 
The mere mention of the theory of types suffices to remind us 
that some authors write as if certain people made use of visual 
images in their mental operations to the exclusion of all others 
because they belong to what is termed the visual type. Watt 
points out that the kind of image used depends upon the ^^task” 
which the subject performs.^^ By changing the task the subject 
passes from the visual to the verbal type. 

Another point that he makes is this: The mental image is 
not always a merely secondary phenomenon like the illustration 
in a novel. It may seem at times merely to accompany the 
word used as a stimulus. On other occasions it is clearly the 
starting point for the solution of the task. In all probability 
the mental image never comes into the field of consciousness 
without exerting some influence on the development of associ- 
ations. Whether by inhibition or furtherance or direct sug- 
gestion of new ideas, it has its influence on the way in which 
the task is performed. 

In conclusion Watt sketches the outline of his theory of 
thought. It is an attempt to account for the flow of conscious- 
ness. He first calls attention to the fact that consciousness is 
not discrete but continuous. He then asks what determines the 
entrance of an idea into consciousness? The chief factor is the 
“task’’ that the mind is attempting to accomplish. The ten- 
dency of one idea to reproduce another is determined in a 
merely mechanical way by the number of times that the two 
ideas were perceived together in the past. But the many possi- 
bilities, the many tendencies to reproduction, are limited by the 
“task.” 

In the much discussed problem of the relation between image, 
word, and concept. Watt admits the existence of all three and 


24 op. cit., p. 367. 
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does not attempt to explain away the eoneept in terras of im- 
agery or words. Prom the stattmients of his subjects it w*u* 
clear that there was a diHtincti<in ludwt'en the word aiul the 
understamling of the word. One eouhl <^\i.st without the oth«?r, 
therefore they must he tlistiuet. Hut is the understandinjr of 
the word the erowtling into conseiousneas (»f a numb(‘r of djirk 
associations? One hears nothing of such associations in th«* 
understanding of the word u.swl as a stimulus; though in seekint.? 
for the word of n‘sponsi‘ such associations do o(;eur. The burd«*ii 
of evidence in his exi)erimejits rather favors the view that the 
understanding of a word is soiradhing other than crowdingr 
of oliscure associations. Hut ft»r the final determination of thm 
point he <teems that further «*speriment is necessary. 

The following year August Measer-' published the ne.xt stmly 
of the Wurzburg Sefuuil. Dr. Watt was <ine of his subjects. 

The general purpose of the stu«ly was exi>re.s.sed by the author 
as an attempt to investigate the e<mscious proci’sses that iirt* 
found in simple acts of thought. The method (if the expt'ri- 
juent was based on that of Walt’s work, whi<-h has just Imhui 
nientioiusl. Tliere were fourte«‘n .series of experiments, somt* 
of which were taken from the “tasks” inv**nted by Watt. 

1. In the first series the subject was shown a wor<l, and hist 
task was to speak tint as quickly as possible the first word that 
came to his mind. 

2. In the second series the task was more restricted; thi» 
word of ntsponw ha<i to be a word representing a ccsinHmkt** 
ohjecf— -that is, one that Isdonged to on** wlmle along with tin* 
object re{ir<>.sented by the given word. 

2. In the third, the sulijeet was to mention a eisirdimitt* 
con(T/d--that is. one belonging to the same g«‘nus as the giv»’« 
word. 

4. The r(!8pim.si* was to Is* any adjective. 

r>. A characteristic of the idea «lesigjmted by tlu* given wttr«l 
— but not its germs, 

•s itbt’r ihii ' ' 

Arrhiv fiir dw (jph. VnyphuLt H, |<|i, I 
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6. Eemeinber an object belonging under the concept of the 
given word and make a statement concerning it. 

From the seventh to the eleventh experiment two words 
were shown one above the other. The upper was to be read first. 
The subject’s tasks were: 

7. Express the relation between the ideas designated by the 
given words. 

8. Express the relation between the objects designated by 
the given words. 

9. In the ninth series the two words were the names of 
celebrated men and the subject was to pass on their relative 
value, expressing a judgment which had real claim to objective 
validity. 

10. In the tenth series the persons, things, or conditions 
represented by the given words were to be compared and a 
judgment expressed; but the judgment was to be one of merely 
subjective value and express what would be the subject’s 
preference. 

11. In the eleventh, a noun and an adjective were shown to 
the subjects. He was instructed to regard the two words either 
as a question or an assertion, and where possible to pass a 
judgment about them. 

12. In this series the subject was shown sentences or groups 
of sentences and his task was to understand them and take up 
a position in regard to them. The groups of sentences repre- 
sented logical premises and conclusions formally correct. 

In the last two series of experiments the subject was shown 
real objects or pictures. 

13. He was to speak the first word that came into his mind. 

14. He was to make a statement about the object or picture. 

In the first series, though no special task was given, the 

subject made one for himself. He involuntarily sought a word 
that bore some relation to the given word. In other series also 
the tendency was noticed to specialize still further the task 
assigned. 

In the visual imagery of the subjects there is again found 
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the “general image” mentionotl by Watt. This proves to bo 
an image so imperfect that the subject can th'signate it only 
by some such word as an animal, a bird, etc. Such ati image may 
be spoken of as general because it can staml in con.s('iousnes.s for 
an entire class. 

The author also gives some aee<»unt of the motor imagery 
that his subjects experienced tluritig the exp«>riment8. Then 
after a discussion of the process of association he passes on to 
a problem more <!l(«ely allied to our «iwn, the umlerstanding 
of the word — the concept Jis distinct frtim word and imagery. 

Generally the meaning seems to come with nmiling the word. 
But even in such eases tlu* meaning is not a constant factor. It 
may exist in all degrees of perfe<*ti<m. The wonl may be scarcely 
understood at all. It may be perceived, but nuTely jis a sound 
without meaning. Or the umlerstanding may come partially 
with reading ami take wime time to grow. 1'his latter form 
leads up to the cjise in which tlmre is an actual separation 
between the perception of the word ami the apprehensitm of 
its meaning. The cotulitions for tht> separation of the wttrd 
from the apprehension of its meaning are as folbnvs: 

1. The 8tr8ngem*HS of the w<»rd. 

2. Incorreet rea<ling of the word. 

3. Equivocal eharaeter of the word. 

4. Imperfect knowletige of the language. 

5. Number and length of the wor«ls. 

6. The occurrenee <jf a purely jiutomafic reaction on the lausis 
of verbal associathm, c.y., iMUt Schall, Uaustirr Mans. 

7. Fatigue. 

8. Excitement. 

The “meaning” of the word was often sonn-thitig that the 
subjects found it diflieidt to explain. It was frequejitly ex- 
pressed by such an expression as “I knew what was meant.” 
The subjects were sometimes enableit to analyze this alwtract 
“meaning” a little further. “The understanding «if the word 
existed in the conKciousness uf that general splnTe to which 
the word belonged” (p. 77). One »if the subjeets expn-ssed it 
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as “the eonseiousneas that something appropriate could be asso- 
ciated.” Sometimes the “sphere ’’-consciousness is identified 
with the generic idea to which the object belongs; again, with 
the entire domain in which an object belongs. For example, 
Subject 2 with the word of stimulus, “Hegel,” said: “It 
8«>me<l to me at first as if the word were ‘Hagel.’ As soon as 
the auditory image of 'o’ sprang into consciousness, there came 
a <nrection toward the History of Philosophy. 

At times the “sphere” of consciousness was an emotional 
element or word, or something similar. Again in the process 
of understanding, there was a consciousness of synonymous 
words or related objects, or some prominent characteristic of 
the thing represented by the word of stimulus. Sometimes the 
wortl instead of Iwing understiHxl in a general sense was taken 
in a special one, as where the word “garden” aroused the idea 
of a gurdtm around a former home of the subject’s family 
(p. 82). From all this it seems to the author extremely prob- 
ahh> that in the proctw of understanding a word we have to 
do with phenomena of usaoeiation and reproduction. 

What part, if any, has the subject’s imagery in his \mder- 
standing of a wor<i? The more perfect the imagery the less 
<lo<*H it seem to cover what is meant by the general significance 
<if the worth Uut the more schematic and faded the imagery, 
the ItwH tloes it difftir from the “meaning,”” More important 
than the rtdatitm between the clarity of the image and the 
meaning, m the tjuestion : To what extent is imagery necessary 
to tht^ signification! And htfre he says there is not one single 
example from which it is clearly evident that the understanding 
of the wt>rd was dependent on the awakening of a visual image. 
The most that can b<^ said is that in a few solitary instances 
it was recordwl that with the help of a visual image the meaning 
became ehiarer or more precise. But in the further progress 

79 . 

a? Fr«»r« what f<*Uow» it h 4wi(l<!nt that the aiithf>r not tn<^an to 
th«it th« moaning in nothing hnt fatliul imagery. Tho imagory fadaa 
intii mtthiug. long it gotn anywhiire rrnar tho *Mu<^ning,’’ which may 

at tUxxvH clt*ar without imagery. 
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of the experiment the subject’s imagery plays an important 
part in the solution of the task. As to the understanding of 
the word of response, it often takes place before the subject 
can express his meaning, and when the word is found it does 
not always express fully the subject’s mind. Sometimes too, 
the word of response is uttered before its meaning is understood. 

The further sections of this work on the psychology of 
judgment, etc., are more remotely connected with our problem. 
The more kindred section on ‘‘Begrifflichen und gegenstand- 
lichen Denken” confirms still further the distinctions between 
word, image and concept.^® 

In immediate connection with the work of Watt and Messer 
is that of Dr. Schultze.^^ The foxmdation for his analysis is 
daily observation confirmed by his own experiments and those 
of others. His own experiments at the time of this article were 
to appear shortly under the title of ^‘Beitrag zur Psychologic 
des Zeitbewusstseins. He was subject in Messer’s experi- 
ments and among his own subjects he numbered Kiilpe, Watt, 
and Messer. 

His own work claims to be in the domain of descriptive 
psychology. His first problem, and the one with which we are 
concerned, is this: In the classification of mental processes is 
it justifiable to make a distinction between the sensible appear- 
ances of things and thoughts {Erscheinungen und Gedanhen) ? 
Originally he answered this question in the negative, but he 
was forced to give up this position on approaching the problem 
from the experimental point of view. The relinquishment of 
the old position seems to have required some effort, for he 

ssPor a criticism of tlie teelmique in Messer's experiments, cf. E. Men- 
mann, ‘‘TJeber Associationsexpeiimente mit Beeinflussung der Eeprodnk- 
tionszeit." ArcMv fiir die ges, Fsychol., 9, 1907, pp. 117-150. Messer re- 
plied in his article, ^ ‘ Bemerkungen zu meinen Experimentell-psychologischen 
Untersuehungen iiber das Denken." Archiv fiir die ges. Psychoh, 10, 1907, 
pp. 409-428. 

29 E. E. O. Schnltze, '‘Einige Hanptgesichtspnnkte der Beschreibung in 
der Elementar-psyehologie. I. Erscheinungen und Gedanken." Archiv fiir 
die ges. Fsycholj 8, 1906, pp. 241-338. 

30 Cf. Archiv fur die ges. Fsychol., 13, 1908, pp. 275-351. See especially 
See. 11, pp. 329-333. 
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writes: cost me a great resolution to say, that on the basis 

of immediate experiment, appearances and sensible apprehen- 
sions {Erscheinungen iind Anschaulichkeiten) are not the only 
things that can be experienced. But finally I had to resign 
myself to my fate’’ (p. 277). 

His reason for doing so was that the data of appearances 
did not exhaust the content of experience. There are marked 
differences between appearances and thoughts. Appearances 
are apprehensible by the senses (anschaulich) but not so 
thoughts. Appearances are more or less localized. When there 
comes a pause in any series of appearances, during that pause 
we are conscious indeed of various sensations from the organs 
of the body — ^but is the consciousness of the pause the perception 
of such sensations? When there comes a blank over the mind, 
what is it that is lacking — sensation or thought? Thought. 
Thoughts are as much a matter of immediate experience as our 
sensations. Thoughts are not to be explained in terms of 
imagery. Thought can be perfectly clear and certain but the 
accompanying imagery is of various degrees of clarity or is 
altogether lacking. Thoughts are not feelings. (1) Because 
we can pass judgment' upon matters of feeling without actually 
experiencing the slightest tremor of an emotional state. (2) 
We can experience feelings without any intellectual state con- 
nected with them, as for example, in certain unwarranted and 
inexplicable emotional states. (3) There is the same independ- 
ence between the clearness and importance of thought and feeling 
in our mental states as there is between thoughts and images. 

What then is our act of thought? Not the sensations that 
were active in the process of its acquisition. For we make 
frequent use of abstract concepts but seldom in connection 
with these concepts do we use the definitions and sensations 
necessary to their original formation. No sensation can con- 
ceivably exhaust all the characteristics of the concept. Con- 
cepts then are not sensations, not mental images, not feelings. 
They stand apart by themselves as special factors of our 
mental life. 
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The work of Watt, Messer, and Schultze was continued by 
Karl Biihler.^^ He thought it advisable to study the process 
of thought with materials which offered far more difficulty than 
the comparatively simple tasks of Watt and Messer. Accord- 
ingly such questions as the following were proposed to his 
subjects : 

‘‘When Eucken speaks of a world-historical apperception 
do you know what he meant thereby?’ ' The subject had to 
answer with a simple yes or no, and then give an account of all 
the mental processes he experienced in arriving at his answer. 

In a section on the Elements of our Mental Life of Thought 
he propounded the question — ^what are these elements, and which 
among them is the real bearer of the process of thinking ? Prom 
the protocol of his subjects there is one group of mental pro- 
cesses that may be easily characterized — ^the sense imagery, 
whether visual, or auditory, or sensomotor. To this may be 
added the consciousness of space. There are also feelings and 
such states as doubt, astonishment, etc. But this is not all. 
The most important phenomena do not fall in any of the above 
categories. There is something else that possesses neither the 
qualitative nor quantitative characteristics of the senses. These 
elements of our mental life are what the subject characterized 
as “the consciousness that,’’ etc., or more properly and fre- 
quently as his ‘concepts’ {Qedanken), 

Do we think by means of imagery or by concepts ? 

The answer, based upon the subjective analyses given by his 
subjects, is that “what enters into consciousness so fragmen- 
tarily, so sporadically, so very accidentally as our mental im- 
ages can not be looked upon as the well-knitted, continuous 
content of our thinking” (p. 317). Concepts then, not images, 
are the essential elements of our thinking. 

What then is the concept? Not an image nor a series of 
images, nor the relation to a series of images. The concept is 
a unit, a mental element, the ultimate result of the analysis 

31 ‘ ‘ Tatsachen and Probleme zu einer Psycliologie der Denkvorgange.'^ 
Archiv fur die ges,* Psychol., 9, 1907, pp. 297-365; 12, 1908, pp. 1-92. 
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of thought. As seeing is related to a sensation of sight as 
“sensing” to our sensations, so is knowing related to our 
thoughts. “Kjnowing” is distinct from “sensing.” It may be 
accompanied by sensations but cannot be supplanted by them. 
Word imagery does not give us the signification of words. “A 
meaning can never be imaged but only known (Bine Bedeutung 
kann man uberhaupt nicht vorstellen, sondern nur wissen).” 

The solution of the task is not accomplished by a single 
series of concepts. Between concepts there goes on a great deal 
of thinking — ^the consciousness of the task to be performed — ^the 
relation of the given concepts to others and to the task. The 
general consciousness of the task and the consciousness of mani- 
fold relationships constitute a kind of setting or background in 
which special concepts appear. 

The understanding of words and sentences “is nothing less 
than a conscious logical relation, which brings into consciousness 
the connection between the thought to be understood and one 
already known” (12, p. 13). In many cases understanding 
took place by the entrance into consciousness of a more general 
concept, and thereupon the subject knew how and why the idea 
before him belonged under that concept. The mere entrance 
into consciousness of the more general concept does not seem 
to suffice, but it must be perceived as bearing a relationship to 
the problem before the subject. Sometimes the thought that 
the given idea suggests is not a more general one, but one which 
the subject perceives to be identical with the given thought. 
Sometimes the given sentence is understood by its suggesting a 
thought that would prove it. 

The analogy, between the process of understanding a sentence 
and the process of perceiving a geometrical figure, will be seen 
at once by comparing the above analysis of Biihler’s work with 
our own section on the process of perception.^^ 

The division of Biihler’s work entitled “Ueber Gedankener- 
rinerungen” is of great interest and value in the study of 
memory, but bears less directly on the general problem before 


32 Below, pp. 127-139. 



104 Vyiivcmhj of Califoniia Publkations in Pi^ifvholagy, [Vul i 


us. It tends to ostablisli more and nu>ro otmolusivtdy the ex- 
istence of an imaKoIess pmeess of tliou^lit not» of emirse, 
directly and ex professo: hut stilL us iiiihh'r s study unfolds, 
the possibility of aeeountiuK for tlioiu^ht by ima.urery decreases. 

Shortly after the tii-st stHdiou t»f Hiilder’s “Tutsuehen and 
Probleme” had appeared, Wundt published a eritieism of the 
methods of the Wurzburg' Sehm)l.*^* He smnmed up (p, 
the chief points of his eritieism as fidlows: 

(1) *‘The *(iiu«tion experiments' are imt experiments but 
self-observations under diHa<lvantnM:es. N<»t tme of th<» re<jui8ite 
conditions for psyehol<»Kioal experiments is fountl in them * hut 
they rather exem[)lify the very <»pp(»site (»f these etimlitions. 

(2) ‘‘Amonit the old forms of self‘obHervafi<»n they represent 
the most imperfect; they <»ceupy ttu* attentitm of the observer 
with an unexpectetl, more or less tlifHcult ititelbudual problem 
ami demand of him that (»ver and above this hi* shouhl observe 
the behavior of his t»wn eonst»iimsness. 

(3) **In both forms of its usi* the methotl t»f <|uestioninjjc is 
objectionahh* : As a <iuestion before the exjieriment it places 
self-obHervatit»n umler the very unfavorable condition trf the 
pressure of examination; as a ipn^tion after the experiment it 
opens door and gnb* the ilisturbiiuj; intlueiiee of suj^'j^i'stion. 
In both forms it is most seriously prejudieial to self observation 
by the very fact that the sul»jeet who must observe his tuvn self 
is himself th<* object of inspection, 

(4) **The representatives of the ‘inetiunl of <piestioninj^’ 
place themseIvi*H abovt* the time honored rule that in order to 
solve complex prtdilems one must tirst be familiar w ith the simple 
ones that the f<»nner suppose. As a eiinse»|uenee they confouml 
attention with consciousness and fall into the popular error of 
believing that everything which transpires in consciousness cun 
be followed out without more mlo in self observation. Tfie latter 


33‘*Ueh('r Ansfriigei-xjierifie’iU*' wUrr MrtIjMU* a mr 
<1(‘8 Dcnkeiis. pHiichutoffm-hr Siti4^*n, IS, |-j», 

JO For BuhIor*H answi’f fur Us# ifn, , I;;, Hios, pp. 

Wuielt replieil to lluhlrr iu Uuh •sino«' .|rr/ot, H, pp, -Ht 4511. 
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ground alone would sufficiently explain tlie bootlessness of the 
question experiments.” 

If then the question experiments have not proved that 
thoughts are not images, but have proved nothing, how then 
are we to go on about the study of our processes of thought? 
Wundt outlines the method as follows: 

(1) Self -observation under favorable conditions of solitude 
will teach: 

(a) That thought precedes the language by which it is ex- 
pressed. 

(b) That this thought is made up of (a) feelings that are 
adequate to the character of the thought and also (^) single 
fragments of images and words which suddenly come into con- 
sciousness and as suddenly disappear. These images seem to 
have been inhibited by the unfavorable conditions of the question 
experiments. 

(2) The confirmation of the results of self -observation is 
to be sought in the experiments on association which show the 
tremendous importance which feelings have in such processes. 
Wundt refers to the discussion of ^‘idea feelings” in his Physio- 
logische Psychologic, in which it is maintained, and perhaps 
proved, that in the development of a complex idea feeling often 
precedes imagery. From such experiments one may conclude 
that very faint ideas can betray their presence by very clear 
feelings ; and it would be far better to speak of an unconscious 
substrate of ideas or even refer the total idea to this sphere of 
the unconscious than to talk of ^ thoughts” and the revised 
Aristotelian concept of imageless ideas. But the experiments 
on the compass of consciousness point to a gradation from the 
clearly conscious to the dimly conscious, and finally to a distinct 
break between the conscious and the unconscious. Consequently 
the partial elements of an idea are not to be referred to the 
unconscious but to the subconscious. They are elements in one 
complex process which is bound together in a single conscious 
whole. 

A ‘‘thought” therefore in the Wundtian sense is* a complex 
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of images and the '^adequate” feelings which are involved in 
their conscious unity. These feelings are combinations of his six 
fundamental feelings which come together to form ever higher 
and higher complexes. In each complex there is a total feeling 
peculiarly characteristic of the complex and qualitatively dif- 
ferent from the elements that constitute it. The total feeling 
of the idea is ultimately analyzable into the six fundamental 
elements of feeling — and the final product of their combination 
is adequate to the character of the thought.®® 

Somewhat later E. von Aster, of Munich,®® undertook a 
criticism of the line of study which culminated in the work of 
Biihler. The chief point of his criticism is that Buhler’s sub- 
jects, in giving an account of their so-called concepts, were not 
describing actually present mental states, as a man who de- 
scribes a visual scene, but they were making mere declarations 
concerning something which they had indeed experienced, but 
whose real nature remained to be explained. He himself leaves 
the problem of the nature of our “thoughts’’ to future research. 
His own opinion seems to be that our thoughts are in some 
manner composed of sensations and mental images and are not 
mental processes different from the currently recognized 
elements of our mental life. 

A little later there appeared a criticism by E. Diirr,®^ one 
of Buhler’s own subjects. He finally came to an opinion which 
takes on very closely the form of von Aster’s objection.®® 

The designation of a mental process as a thought is by no 
means a description of the character of the thought. The main 
issue between Diirr and Biihler is in the analysis of the 

35 This analysis is based not merely on the article in the Fsycfiologisohe 
Studien, bnt also on Tarious portions of Wundt Grundssuge der physiol- 
ogiscJien Psychologie. For a criticism of Wundt ^s opinion see the last 
chapter of the present monograph, pp. 184-187. 

36<<Die psychologische Beobachtung und experimentelle Untersuchung 
von Denkvorgangen. ’ ' Zeitschrift fur Fsychologie, 49, 1908, pp. 56-107. 

37^^XJeber die experimentelle Untersuchung der Denkvorgange. ^ ^ Zeit- 
schrift fur Fsychologie, 49, 1908, pp. 313-340. 

3s Biihler in his answer denied that Diirr ^s objection was the same as 
von Aster’s. Biihler, ‘‘Zur Kritik der Denkexperimente. ” Zeitschrift 
fur Fsychologie, 51, 1909, p. 118, note 1. 
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‘thoughts’’ to which Buhler’s experiments had given so much 
prominence. Diirr would be far from agreeing with von Aster 
that our thoughts are ultimately reducible to sensation and 
mental imagery. Durr’s point of view can best be expressed 
in his own words: 

^‘Biihler expressly stated that thoughts are not mental images 
{Vorstellungen) and that they have nothing in common with 
sensations. Now, the next question that arises is this: In our 
representative mental processes is there not something besides 
sensation; and if so, what is the relation of our thoughts to 
this plus?”^® 

Diirr thinks that along with our sensations there is our 
consciousness of time and space, of identity and similarity, etc. 
These things are not sensations or reducible to sensations. They 
might all be classed under the expression ^‘consciousness of 
relationship,” and this it is that will prove to be the ultimate 
analysis of thought. 

In February, 1907, there appeared in the Psychologischen 
Studien a long article, “Ueber abstrahierende Apperzeption, ” by 
Kuno Mittenzwei. It was an attempt of the Leipzig School 
to enter the field in which the ground had already been broken 
by the men of Wurzburg. Mittenzwei preludes his experimental 
work with an historical account of the problem of abstraction 
from the days of Socrates to modem times. Between this his- 
torical account and his own experimental work there is no very 
close connection. 

There are two distinct parts of the experimental work. In 
the first set of experiments the subject was required to direct 
his attention to a single circular disk (in reality the opening 
in an iris diaphragm). The disk was exposed twice in each 
experiment and the subject was required to tell what diflEerence 

39 Page 326. I have taken some liberty in translating this last sentence. 
But the terminology I have chosen will, I think, give a true representation 
of the author's mind to English readers. The original is as follows: 
‘'Nun liegt doeh die Prage nahe: Gibt es im Vorstellungsleben nicht noch 
etwas ausser den Empfindungen und wenn ja, wie verhalten sich die Ge- 
danken zu diesen plus." 

40 PsyeJiologische Studien, 2, 1906-7, pp. 358-492. 
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there might he in the size, position, or brightness of the disk 
in the two exposures. 

In the second set of experiments the subject was called upon 
to observe a group of six disks, any one of which might undergo 
the above mentioned changes. 

One is struck with the glaring difference between the task 
of the subject in these experiments and that of one who in real 
life forms what is termed an abstract idea of a group of objects. 
Mittenzwei’s subjects had to look for a difference and neglect 
identity, whereas in abstraction one usually neglects all differ- 
ences and finds identity. Hence, after reading the long disser- 
tation on abstract ideas and having the appetite whetted for an 
experimental treatment of an old metaphysical problem, one is 
sadly disappointed to find that the author seems to have missed 
his problem. Instead of the question of abstraction he is really 
dealing with the perception of differences. But in spite of this 
serious defect Mittenzwei’s experiments are not without value. 
One interested in the theory of spatial perception would find 
a very suggestive line of experiment. The problem of apper- 
ception is also helped along, even though the apperception is not 
— ^strictly speaking — ^that of abstraction in the logical sense of 
the word. 

In the first series of experiments Mittenzwei measured the 
threshold for the perception of change, — A. Of size : Enlarge- 
ment, reduction. B. Of position : Right and left, up and down. 
C. Of brightness : Increase, decrease. 

For each of these changes he obtained two values: (a) one 
in which the subject was forewarned what change would take 
place, and (6) one in which the subject was not warned what 
kind of change to expect. In all changes except that of enlarge- 
ment the threshold obtained when the subject was forewarned 
was smaller than when he was not warned. In the “enlarge- 
ment” series it made no difference in the threshold whether the 
subject was or was not forewarned. 

In the second series of experiments any one of six disks 
might be changed in size, position, or brightness. 
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It is here that the author stumbles upon some stages of 
development in the perception of difference. He does not name 
these stages, but, as the body of this work will show,^^ some of 
the points to which he calls attention as general phenomena are 
the same as certain stages that our own experiments revealed 
in the process of perceiving identity. 

Under the name of ^^der verdnderte Gesamteindruck”^^ Mit- 
tenzwei speaks of a perception of change without any knowledge 
of just what particular in the object was varied. The best 
description of this phenomenon is given in the subject's remark, 
‘‘Das Objekt ist verandert, aber ich kann nicht angeben wie.’’ 

The author asks himself the question, how can such an inde- 
terminate judgment be caused by such a particular and deter- 
minate change? This he explains by pointing out that: 

(a) The second impression is involuntarily assimilated to 
the first, and 

(b) The actual concrete change is often forgotten. Good 
observers have remarked, “Ich habe die Veranderung eben 
gehabt, aber ich habe sie schon wieder vergessen.’’ 

Under the heading of ^^Partiell bestimmte Verschieden- 
heitsurteile” the author describes what are really stages in the 
perception of difference that are a little more developed than 
the general impressions of change. The subject was required 
to give information on two points: (a) What was the nature 
of the change? (6) WTiere was it located? The determination 
of the location of the change comes first in the order of per- 
ception. The evidence for this lies in the fact that the erroneous 
or indeterminate judgments about the place of change are rare, 
while they are much more frequent in regard to the kind of 
change. 

It is interesting to note how psychologically similar are the 
processes of perceiving identity and diversity. This will be 
apparent at once by the comparison of Mittenzwei’s results with 
those reported below. 

41 Cf. below. Section III, 2, pp. 127-139, more especiaUy p. 129 ft. 

42 Page 459. 
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The opposite of Mittenzwei’s problem was taken up by A. A. 
Grimbanm under the title: ^‘Ueber die Abstraktion der Gleich- 
heit.’’^® Historically it is connected with the Wiirzburg mono- 
graphs and also with the first experiments of onr own work. 
Griinbaum became acquainted with the method of research 
adopted in the present piece of research during the winter 
semester of 1904-5, when he was one of my subjects at the 
University of Leipzig. ^ He has modified and developed the 
method, and for some purposes improved it. Instead of a series 
of exposures, each lasting but a fraction of a second, he exposed 
simultaneously two groups of figures for a period of three 
seconds. The subject was instructed to look for identical 
figures in two groups, thrown by a stereopticon upon a screen 
4.25 m. from the subject. He was not required to fixate any 
point, but to distribute his attention equally over the entire 
field. After finding the identical figures, the subject was then 
to take notice of the others. After the time of exposition (3s.) 
was over the subject was called upon to draw all the figures 
remembered, but especially the identical figures common to the 
two groups. After drawing what could be remembered, the 
subject was again shown the groups just exposed and was called 
upon to indicate the figures he actually recognized. The seeking 
and reproduction of the identical figures was termed the primary 
task, the noting and recognition of the remaining figures, the 
secondary task. 

In reporting his results the author starts with the preparation 
of the subject for the task set before him and follows on down 
to the final determination of equality. The preparation of the 
subject for his task consisted in the picturing of a kind of frame 
in which there often flitted in and out vague figures. Two 
of the five subjects paid attention to some kind of sensory aid 
in their preparation. Three looked rather to the end before 
them and thus performed their task better than those looking 
to the means. 

^^Archiv fur die ges. Psychol., 12, 1908, pp. 340-478. 
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The process by which the task was performed manifested 
eight more or less distinct forms. 

1. The method of exclusion. 

The subject looks at one figure and then seeks one like it in 
the other group — ^not fiLnding it, he takes another figure, and 
so on till he discovers the figure that is in both groups. 

2. Successive comparison without accentuation. 

The subject looks first at one group and then at the other 
until he recognizes one figure as having been seen before. Be- 
fore recognition the common figure does not require any special 
prominence over the other figures. 

3. Successive comparison with simple accentuation. 

This method is the same as that of number two, only that 
before the determination of identity one figure suddenly becomes 
prominent — ^is accentuated in a characteristic way which can 
only be fully understood by one who has taken actual part in 
the experiments. 

4. Successive comparison with accentuation and a realization 
of the task of the experiment. 

In the former method the prominence of one figure seemed 
altogether independent of any idea of its being the one common 
to each group. In this method there is indeed no conjecture 
that the prominent figure might be the common one, but the 
subject is spurred on by something which one cannot express, 
except by some such words as the ‘‘point of view of the task 
before him.” 

5. Successive comparison with accentuation and the conjec- 
ture of identity. 

This form of procedure is but a step removed from the last. 
With the perception of the prominent figure is united the con- 
jecture that this may be the common one. 

6. Eapid succession with accentuation of both identical 

figures. 

In this form one figure is noticed and suddenly the other 
springs into prominence, sometimes so suddenly that the subject 
can not say but that the two figures were noticed simultaneously. 
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7. Simultaneous perception of the two figures. 

In this form both identical figures are noticed simultaneously, 
and as a rule, none other. 

8. Intuitive perception. 

In this form the subject perceives one figure and knows at 
once that it is one of the identical figures without having seen 
the others. 

Some of these divisions represent different methods of pro- 
cedure, others are probably stages in one and the same method. 
The author, however, does not bring out this distinction. The 
intuitive method would have appeared less mysterious had Dr. 
Griinbaum pushed the inquiry a little further and taken into 
consideration our subconscious or unanalyzed mental content. 

The primary task of the subject is the perception of a figure 
common to the two groups. In the fulfillment of the primary 
task it is interesting to notice the way in which the subject falls 
short of perfection in his reproduction of the common figure. 

1. Instead of the perfect and complete form he will often 
give one that is schematically correct. 

2. The subject will often draw a part of the figure and will 
know that something is lacking, but will be unable to supply it. 

3. The correct form will be changed, but still remain recog- 
nizable. The most interesting case of this kind is what Griin- 
baum has called ‘‘mirror-drawing.^^ The figure is drawn as 
if from its reflection in a mirror. 

The success with which the primary task is accomplished 
decreases with the increasing number of figures in the groups. 
But the rate of decrease is not constant. It reaches a maximum 
in going from four to five figures in a group, and then rapidly 
declines. 

The secondary task consisted in the reproduction of aU the 
figures that could be remembered after drawing the common 
figure. The greater the number of figures in each group, the 
greater the number recalled. The ratio of figures remembered 
to those exposed decreases as the number of figures exposed 
increases. The author compared the fulfillment of the secondary 
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task in recognition by the metbod of successive perception, with 
and without accentuation of the figures. It appears that the 
accentuation of one figure during the process of perceiving 
identity lessens the number of figures that are remembered over 
and above the common element. From this it would seem that 
with the accentuation of one figure the negative process of 
abstraction from the surrounding figures is already begun. 

In connection with this conclusion is the evidence that the 
secondary task is fulfilled better when the primary task is not 
accomplished — or, in other words, the perception of the common 
element tends to obliterate the surrounding figures. 

From the experiments of Griinbaum it would seem that the 
process of abstraction is brought about by an apperceptive ac- 
centuation and separation of the common element. On the 
other hand, the surrounding figures are forced into the back- 
ground and lose something of their conscious value. 

Here it may be well to append the abstract of the early 
experiments of this study which appeared in the report of the 
Fifth International Congress of Psychology, held at Rome in 
1905. 

THE PEOCESS OP EECOONITIOISr. 

^^The problem of research undertaken in this set of experi- 
ments may be briefly stated as follows : 

When a series of groups of figures a square, triangle, 
etc.) is represented to a subject and in each group one figure 
is always repeated, what mental process will be involved in 
recognizing that a figure has recurred in the series? It was 
not required of a subject that he should be certain that a figure 
recurred in each group, but only that he could say with certainty 
that some figure had been repeated. 

Hitherto the problem of recognition has been mainly con- 
fined to the comparison of the sensations or perceptions of dis- 
tance, etc., which the subject was to judge of as the same or 
different. But to surround the elements to be recognized with 
varying sensations brings the problem of recognition nearer to 
the conditions of real life and also enables us to approach by 
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experimental methods somewhat closer to philosophical problems 
with which metaphysics has long been engaged. 

In order to simplify the mental processes involved as much 
as possible the time of exposing a group of figures and the 
interval between exposures were both limited to a fourth of a 
second. A longer interval in either case would have given time 
for reflection, comparison, acts of the will to remember certain 
figures, and other rather complicated mental processes. The 
shorter interval eliminated in great measure these processes, for 
before there was time for reflection or comparison a new group 
of figures was represented. 

The mechanism by which the expositions were given con- 
sisted of a metronome and Dr. Wirth’s memory apparatus. 

When a subject had perceived that a figure had been 
repeated, he was asked to give an account of the development 
of this process of recognition which he had just experienced. 
The subjective analysis thus obtained was in later experiments 
tested by limiting the number of expositions, so that the series 
of exposures ended before the observer had arrived at complete 
certainty. He was then asked to give an opinion and describe 
his state of mind. A control over the experiments was always 
kept by introducing from time to time a series of exposures in 
which no figure was repeated. 

The following steps (naturally with various graduations) in 
the process of recognition were noted by means of this method : 

1. An intimation of some kind of a figure being repeated 
without any knowledge of its form. 

2. An intimation of some kind of a figure being repeated 
and a very imperfect idea of its form a dark spot, a cloudy 
spot which afterwards cleared up, an unsymmetrical figure, etc.). 

3. Certainty that a figure is repeated but a clear image of 
only a part of the figure. 

4. Certainty that a figure is repeated and a clear image of 
the form. 

These steps seem to be but points in the more common and 
fuller order of development. 
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The subjects often remarked, when they first saw the common 
figure, it had already a tone of familiarity. 

It sometimes happens that the blind intimation of a figure 
being repeated increases to certainty without any image of the 
figure being formed. This was especially the case when two 
figures were alternately repeated in a series of exposures. 

The perception of the figure repeated has a tendency to 
force the other figures out of consciousness. E.g., Subject K, 
in experiments where no figure was recognized as repeated, could 
afterwards draw the following numbers of figures as remem- 
bered: 3, 2, 2, 4, 4, 2, 1, 3. When, however, he had perceived 
a common figure he could draw as remembered only 0, 0, 0, 1, 0, 
0 , 0 , 1 . 

It would thus seem that under the simple conditions of the 
experiments the progress of recognition is by no means a simple 
act, and that the formation of a mental picture is not the only 
or the most important factor. ’ 

del V. Congresso internazionale di Psicologia tenuto in Eoma, 
dal SB al 30 Aprile, 1905, pp. 286-287. 
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II. 

THE METHOD OP EESEARCH. 

1. The Problem and the Experiments. 

It is very seldom, if at all, possible to reproduce in the 
laboratory the exact conditions of real life. Most of our ex- 
periments can only approximate more or less closely the actual 
occurrences in the external world. This is not, however, an 
insurmountable difficulty for experimental psychology. We 
have not one mind for the laboratory and another for the world. 
The same mental processes that take place in the world are 
observed in the laboratory, but under different conditions. The 
change in conditions is in the direction of greater simplification. 
The mental process of the laboratory is, as it were, a purified 
product and its true properties can therefore be more easily 
determined. The process of abstraction as studied in our ex- 
periments is certainly not the same as that of ordinary life. 
But it involves those very elements which are essential to the 
extra-laboratory mental operation. For this reason the present 
work is truly a study of abstraction. 

The first method of experiment that I conceived of would 
have reproduced in the laboratory, almost exactly, the process 
of abstraction as it often occurs in actual life. It would have 
consisted in presenting to the subject a series of sentences, each 
containing a common idea. The subject’s task would be to find 
the common idea, and report the mental processes he experienced 
in doing so. This method, however, is hard to bring under 
experimental conditions. I then thought of exposing to a sub- 
ject a series of drawings. Each drawing would represent a 
single object, e,g., a series of net-veined or parallel-veined leaves. 
The subject’s task would be to pick out the common charac- 
teristic. Dr. Thorndike, of Columbia University, recently told 
me that he had thought of the same experiment, and suggested 
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exposing a series of bilaterally symmetrical figures. By a little 
ingenuity a sufReiently complete material could be vs^orked up, 
and this method of experiment would afford the opportunity for 
a valuable piece of r(‘search.‘ 

Hut neither of these metluHla of experiments is as simjile 
its tlie one finally atlopted, which, though farther away from 
the actual conditions of outside life, still involves the essential 
factors of the procea.s of abstraction. It may be well to note 
here that, when in the future I speak of “th<» process of ab- 
straction.” I mean, of course, the proeeas jus it existed under 
the conditions of these experiments. The analysis which results 
from our experiments is applicable to the real process of actual 
lif<* (tnly in so far jis it appears tluit fjictors are analyzed in the 
biboratory W'hich do occur in the more comph'te processes oJitside 
tlu> laboratory. 

Tile method I finally d<*cided upon may be described as 
follows : 

Ia*t a group of g«*ometrical figures stand for a group of 
<lujditi«‘H. Such a group has not indeed the unity that wo see 
in the ([Uidities of any object. However, when one is allowed 
but a single glance for one-fonrth of a second at such a group, 
it really approximates the d«*sire«l unity much more cliwely than 
would be expectisl. Let us expose in succession to a subject 
a scries of groups of figures. In each group let there bo one 
common eleimmt that coastantly recurs. Of ail the other ele- 
ments that go to make up the groups of the scries, l<‘t no two 
be the 8am^^ Representing our geometrical figures by letters, 
the following will give some idea of w'hat is meant. Let us 
for example take a series of five groups with three figures in 
each group. This wouhl be represented by: 

1. A B O. 2. 1) A F. 2. (} H A. 4. A I .T. 5. K A L. 
There is one element common to <>ach group, and this one 
element is the common (pmlity that is to be abstracted. The 

I t winfi l«i t'xprcMt liero my liulcbtctlm'HH to Dr. Thoriulikc. ft was his 
tliwiwHum of n papor I read in his elnsH of Ktiwcntionul I'Hyt’Uology at 
OoInmUin llniventity which was, although only imlirectly, the first stimulua 
to the present work. 
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The groups of tiguros in tho actual oxperinionts (see cuts on 
pages 122 and 122) eontaiiUHl five figures instead of three. This 
drew out to somi' length the process of isolating and perceiving 
the eonunon ehuuents, then^hy allowing a lu^tter opportunity to 
observe tlu^ development of the mental proet‘sses involved. 

2. Tiik Apuauatus. 

For the expi^iments in Leipzig, Wirth’s memory apparatus 
with rotating disk was us<*d. At the University of California 
I list'd Kansehburg’s mmuory n|)paratus. Each pt'rforms the 
snm<‘ function an<t tht^ samt^ disks may be used in either ap- 
paratus. Ka<*h rotatt'H a disk and t'xptises suddtmly a small 
surfaet* and as suddmily nunovt's it from view. In this ex- 
pt'rimt'iit a group of fivt* figurt*s was <*xpostHl for a (piarter of 
a second and tht»u a blank space for a tiuarter of a second and 
so on till the st*rit*s of twt'nty-five t'xposurt's eamt^ to an tnitl 
or as much of tfie serit's was ust'd as nt‘cessary for the experi- 
ment. It was at Proft'HHor Wundt’s suggt'stion that I used this 
short time of exposure and interval betwt»en ex{)osur(»s. It tends 
to re<lue(' the exp<‘riment to simpler and th(*n‘forc' mon^ constant 
conditions by cutting <mt to a large extent such variable factors 
as rt*fle<dion on what was H«»en, compari.son, ami voluntary 
asHix^iation. 

To bent time 1 havt* use<l both the metronome and the time 
H(*nst» apparatus, but generally the former, whiidi is sufliciently 
a<*.curate for the purposi^ Can* was takcm to k(H*p both these 
pieces of apparatus out of the room in which tin* observi^r was 
seattxl. 

2. iKHTKOCn’IONH TO THK HlUUKCT. 

The subject was instructtnl to look for tin* rep(*tition of some 
figure and to turn n swdtch, which stopped the rotation of th<* 
disk, as soon as In^ was c<*rtain that he had s<*eu some figure 
repcati'd. It was not re<(uired of him to h(*<* this figure in each 
group as it passeil by, but mer<*ly to be surt* that lu^ had seen 
some figure twice. He was told not to wait until he knew all 
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about the figure but only to make sure that iuio aiul the same 
figure had oeeurred nioro than onet*. He wan rt»<|uire<l at the 
end of the experiment to deHerihe his state i\( mirul d\iring the 
experiment, and especially to tt‘H what it was that he first 
noticed. 

4. CnASSlFIC-VTlOM <»FTUH KxeKUlMKNTS. 

It siH)n beearue apparent that tin* methiul ofTeretl exceptional 
advantages for a genetic Htmiy tif the process of nhstraction. 
In handling the results and attempting to reduce them to some 
kind of ortler, the ct»mph‘X nature of abstraction luM'ame evident. 
And at the same time its nnniysis was gn^atly fn<‘ilitnte<l. Onr 
five figuns were ftnind to constitute smuething of a unit which 
uruhTWent a real procf»ss of breaking up. This was evidenced 
by the fact that the elements tif a group have a ilitTt^retit mental 
value after the pereeption of a eorritnon element than heft»re.® 
Bef<»re the commotv element is ttofieed. the tigures <»f any group 
have a ttsidertey to pei^evere in memory, which varies with the 
foculity of their perceptU»u' and witli th«ir own iidierent ai- 
trHCtiveiu*.ss.* After tin* eommon element has bei‘n pereeivetl 
the temleney id* tln^ other figures to persevere in imunory is 
greatly reduce<l. 'rhe grimp i'i ii«» bmger what it was befttre it 
was brokt'U up. This breaking up of tin* group is ttm* of the 
several proeesses whieh fi»rm the mental complex that we call 
nlistraclhin. The bn aking up of the group is intimately Inumd 
up w'ith tin* perception «d the eomm*>n e|eiin*nt. I’erception 
then is uimther fnetor in nbstraetimi The figure perceived m 
rememlH»red and reeogni/ed again upon its recurrence. We 
then four points in our preliiiunary analysis t#f nbstraethm; 
(1) The lireaking up of the gnaip; Tlie process of per- 
Cf‘ptiou; (H) The process of iiM*iii»»ry , * The (irot’ess of rirog- 
miUnu Kach one of thi*se has b»‘ea ma*ie the olfjtH*t of experi- 
ment ami form the four main hen* lings m our experimental data, 

3Hi*e heluw, PJT. 

♦iHee heh»w, pp, ffai, 

* Hce hetow, pp. 1*1. 
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These experiments were commenced in Wundt’s laboratory 
at the University of Leipzig. They were afterwards continued 
at the University of California. My thanks are due Professor 
Wundt for his kindly and valuable suggestions as to the method 
of experiment and also to Dr. Felix Krueger for his constant 
interest and assistance while I was working at Leipzig. I wish 
also to express my indebtedness to Professor Stratton and Dr. 
Wrinch, with whose valuable cooperation the experiments were 
conducted at the University of California. 

The subjects who took part in the experiments were Miss 
Ball (B), Dr. Bessmer (Be), Dr. Brown (Br), Herr Blosfeldt 
(Bl), Miss Deamer (D), Herr Grunbaum (G), Dr. Krueger (K), 
Dr. Moore (Mo), Miss Mower (Mw), Miss Boss (E), Professor 
Stratton (S), Professor Eustachius von Ugarte (U), Mr. Wa- 
beke (W), Dr. Wrinch (Wr), and Herr Ziembinski (Z). 
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III. 

EXPERIMENTAL RESULTS. 

1. The Analysis of the GtROUPs. 

(a) Isolation of the Common Element. 

In abstraction some element or characteristic is always picked 
out from a group and is recognized as identical with that which 
was found in another group. In our experiments this element 
was the repeated figure. We may ask what is it in any element 
that accelerates the process of its isolation and perception? 
The answer as one might expect is — ^whatever attracts attention 
to the element. This may be the pure accident of its focal 





Fig. 2. — Showing grouping of ‘elements' for actual display upon the 
disk, the common element following in the order 1, 3, 5, 3, 1, 3, 5. 
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perei'ption. It may he tlu> fact that it ia rather larger than 
tlu^ otIu‘r fiKiin's or hlaeker or more op('u. 

Small but aymmetrieal figures, e.g., 4, 12. and 5, 12. in Fi^c. 
1, seem to pa.s.s l)y easily without heiatr iiotiee<i. Another 
drawback is apparently tin* complication of the H>j:ure. This, 
however, is probably only apparent. The subject involuntarily 
waits tt> b<> informed about the complicated fifrures. Compli- 
cation is, in itself, an anlvantaKe because it attracts attention. 
Hut the subject waits to know jimt what is repeated. In spite 
of instructions, he canmtt stop the apparatus as soon as he is 
sure of the bare fact that a figure of .some kind has been repeated. 

The attempt was made to litul out whether the se(iuence of 
position had any intlueuce in the percepti(tn of the common 
element. If we number each of the tive positions in a 
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of five elements 1, 2, 3, 4, 5, we have a means of recording this 
sequence of position. In the first group the common element 
may come in position one ; in the second in two, and so on. We 
may have such an order as 1, 2, 3, 4, 5, 1, 2, 3, 4, 5 or 1, 3, 5, 3, 1, 
3, 5 or 1, 5, 1, 5, etc., or the sequence of the common element 
may be altogether irregular. Whatever influence the sequence 
of position might have, it is so slight that it is obscured by the 
varying attractiveness of the figures themselves. So long as 
the common element does not come twice or oftener in the same 
position, the sequence of position seems to have but little effect. 
If it comes twice in the same position and the subject happens 
to see it, he involuntarily looks at the same place in the next 
exposition. In a word, then, it would seem that what was nat- 
urally to be expected is here the case. Everything that calls 
attention to the figure, either accidental circumstances or in- 
herent qualities, tends to accelerate the process of its isolation 
and perception. 

(b ) The Disappearance of the Surrounding Elements. 

Once the common element has been perceived, the surround- 
ing elements are swept from the field of consciousness. They 
do not merely become less prominent, as one of the surrounding 
elements does when another is noted. They are forced into 
oblivion, usually complete. Barely, one or two can still be 
remembered. In the passage quoted from the Atti del V Con- 
gresso^ I reported that ‘‘Subject K, in experiments where no 
figure was recognized as repeated, could afterwards draw the 
following numbers of figures as remembered : 3, 2, 2, 4, 4, 2, 1, 3. 
When, however, he had perceived a common figure, he could 
draw as remembered only 0, 0, 0, 1, 0, 0, 0, 1.’^ 

This condensed account of the experiments needs explanation 
in order that it may be understood. I think that it was reading 
the account of Kiilpe’s ‘^Abstractionsversuche^^ that first sug- 
gested to me that I could test one of the results that he obtained 
in Wurzburg. In his paper before the first German Congress 


2 See p. 115. 
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of Experimental Psyeholoj^y he reported^ that "‘negative ab- 
straction has its most i^vidmit efl‘eet in the most diRicult task” 
(p. (>5). The greater, tht^refore, the absorption of the attention 
in the i)rincipal task, the I<\ss is remembered of the secondary 
task. It might thertd'ore be concluded as a general law that 
the pereei)tit)n of tlu' elenuuit to hv. abstractt^d has a tendency 
to obliterate tlie memory of the other elements. To test this 
result by our own m<‘thod I asked the sui)jects at the end of 
the experiments to draw tlie figures which they remembered. 
Sonu‘tinu‘s tlu‘y had noticed a common element and sometimes 
it happened that they had seen no common element — euther 
because tlu‘re was none to see, or through some accident they 
failed to notice the common element that was prescuit. Whether 
or not a common eUmient is actually pn^sent made no very 
great dilTi*retu‘e so long as it was not noticed. I did not 
put this latti^r point to a eureful tt^st, and a common element 
that is not notictHi at all may have some slight effect which is 
lacking wht*n no commem eh‘ment is present. But there is a 
very gnuit difftTemu* in the number of figures which can be 
remembered aft(*r an experiment in which no common element 
was per<»iUVi*d, and om? in which the stibjiud did nm a common 
elcrmuit. The nunuTals given nlmve for subject K give the 
numlsT of figun»H that he could draw in (^xperimtuits where he 
had not seen, ami again where he had seen, a common (dement. 
Th(‘y Ht‘(*m to provt* that ilw perct^ption of a (Common ehummt 
plHC(*H th«^ Hurnninding (dtnnents at a gremt disadvatitage so far 
as tluur pri^servation from oblivion is (•onciTmul. IJut the 
figur(*H as giv(*n an* opmi to objection. It did not occtir to me 
at the time that lint s«*ries wIuti* no common (dcumuit was per- 
(S‘ivcd W(*re gtuiernlly longiT than those when^ om^ was penudved. 
IliUKHt th(»re was a gn*nt(*r chnncu* to nuntunlx^r moni figuri's. 
IIow(W(»r, tht* subjtHdive analysis l<mv(»s no room for doubt on 
th(^ inutter. It is with gremt difilculty that one renuunbers tfn» 
oth<T (igur(»s aft<*r ptuxxdving the comtnon (‘hummt. Whennis 

» lirnvht uhtr dtn /. KonortHs fur rrpvrimnUdlt* Pniiohotopw in (tirHamf 

pp. 02 ft. 
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when no common element is perceived, several figures are usually 
drawn readily and with ease. 

However we are not left entirely to subjective analysis in 
the matter. Even when we take into consideration the relation 
of the length of the series to the number of figures remem- 
bered, we see that the memory of the surrounding elements is 
at a decided disadvantage whenever the common element is 
perceived. 

The following results make this point clear: 

Subject K. 

Common Element Not Seen, Common Element Seen. 


Figures 

remembered. 

No. of 
expositions. 

Figures 

remembered. 

No. of 
expositions. 



0 

14 

3 

25 

0 

10 

2 

25 

0 

11 

2 

25 

1 

13 

4 

25 

0 

9 

4 

25 

0 

7 

2 

24 

0 

11 

1 

25 

0 

20 

3 

25 

1 

12 

21 

199 

2 

107 

10.5 = Percentage of figures 

remembered when the 

common element 

was not seen. 



1.9 = Percentage 

of figures remembered when the 

common element 

was seen. 




Subject W. 


Common Element Not Seen. 

Common Element Seen. 

Figures 

remembered. 

No. of 
expositions. 

Figures 

remembered. 

No. of 
expositions. 



3 

20 

7 

25 

5 

24 

3 

25 

2 

9 

9 

25 

3 

25 

7 

25 

0 

12 

3 

25 

2 

11 

4 

25 

0 

20 

33 

150 

15 

121 


22.0 = Percentage of figures remembered when the common element 
was not seen. 

13.2 = Percentage of figures remembered when the common element 
was seen. 
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Subject G. 


Common Element Not Seen. 

Common Element Seen. 

Figures 

remembered. 

No. of 
expositions. 

Figures 

remembered. 

0 

No. of 
expositions 

15 



4 

21 

2 

25 

0 

4 

4 

25 

0 

4 

5 

25 

0 

4 

0 

25 

1 

7 

5 

25 

0 

8 

3 

25 

0 

7 

6 

25 

0 

4 

3 

25 

1 

13 

28 

200 

6 

87 


14.0 = Percentage of figures remembered when the common element 
was not seen. 

6.9 = Percentage of figures remembered when the common element 
was seen. 

2. The Process op Perception. 

It would seem at jSrst sight that the sense-perception of a 
given object is a matter which concerns, almost exclusively, the 
sensations involved in the act of perceiving. Suppose for in- 
stance that we have to do with the visual perception of some 
object. Then we can pick out the shades of brightness and the 
tints of color, and the spatial data given by the sensations 
arising from movements of the eye, and, if you will, the feelings 
of pleasure or dislike that may be involved. And this analysis 
having been completed, the task of the psychologist seems to 
have been done. The analysis is exhaustive and nothing more 
is required. This is a superficial view of the matter, but still 
a view which seems perfectly warranted until one seeks to find 
by experiment just what are the factors in the process of per- 
ception. It then appears that there are two factors. One may 
be termed objective. It involves the elements mentioned in 
the analysis just given. The other may be named subjective. 
This involves the correlation of the data of objective perception 
with that of past experience, — ‘apperception’ in the Herbartian 
terminology; ‘assimilation’ in the Wundtian. 
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nuiy use the wor<ls *pom‘pti<ur nutl ‘appereepiiotr tor 
the t^hjeetive uutl subjeetive faeturs in uur npprehetision of ati 
tUyVet, 

In the visual perception of an object then* is one ptnut which 
may lu* re* 4 unhHl as a stajre of relative perfect uui, uiul that is 
the acquisition of a detinite imaire. Iti the proci^s of np{>«T- 
ct'ptimi there is no such staj^e whicli may be tlesiy:nutetl as per- 
re(*t, nor imlml is it always ejusy to say \vhethi*r or m^t the object 
has In'cn apperceivetl at all. 

For this reason we may tak«' ncijuisititm of a ibdinite 
imap» of an object as a kiml of cardinal pi»iiit niul ask ourselvi^ 
what staf'i^s of peret^ption and apperception prtsssb^ arul wdmt 
follow the clear visuali/ation of the object, line id tin* 
thitiirs which becomes apparent in ovt»r the data of the 

experiments is this; Perceptitm and npjicrception were inter- 
twinetl in th«^ proeess of apprehendim; the eommon eleno^nt. 
(Nmeenuny: the npprehensitm <if the tlj^urcs surnnuulinir the 
<'t»mmt»u element the experiments uive practically no ilata. It 
Is'came possible to piek otii stupes in the a|»preht‘nsiou of the 
<*orniuon element because (a) the subject’s attentitui was directed 
t<» Hceiny: a tiij:uri* reptsit itself and then^by a special tliyure hatl 
to be liHilosl hir and impresseil ttn the misiiory; ami i the 
process of apprehension was often bmcf drawn out, thendiy 
KiviniiT au opportunity F<ir the stai^es to be definite emun^h bir 
detection. 

The experiments in which the ilevehijiment of tlo' kitowhsl^e 
of the fmurc wais loujr drawn out wen* in the minority, iiml 
rcpresi*nt those cases whi»re the prt»cess of apprehtsolitn.; the 
was relatively lUflUndt. ttr rather, they ri'presi*nt those 
cases where a focal percepiiim of the common eleiuont was 
iiccid«»ntidly <lelayed. Th<*se are tin* iMipeful eases fur |isyeiio 
Ittuicnl analysis, Afjy one could bsik at two of our tikoir*'S and 
tell at a i^lance w'hether they w'ere the same i»r not, Hut in so 
didnu he could not say with certainty just how he came to that 
(’(otclusitm, except that his eyes told him so. Herhiips here **ne 
really is ctaieernetl with a comparison of visual images. Hut 
even this is lait clear. Huppimi* the rate uf suceeediuM: iin|tres 
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sions is so rupitl that thero is no time to stop and compare 
images; snpposts too, that it is not possible to see the figure at 
will in the focal point of vision; what then will tell us that two 
succeeding figurt's are idtuitical? This is really what was done 
in our experiments. Tlu* rapidity of the rhythm of exposition, 
the changing position of the common element, made focal t^er- 
ception at will an impossibility. As a result, the process 
of apprelumding the common element often proct^eded in stages 
that were well marluHl, an<l thereby it l)<‘came possibU' to analyze 
it P(^r it turns out that the apprehension of a simple figure 
is not itself as simple as <me might suppose. Certainly there 
is involved in it sonudhing more than m<»re s(‘<ung with one’s eyes. 

Some saunples of tlu^ subjects’ introspections are given below. 
These <lata were obtained by running through the experiments 
and picking out what Iht^ subjects <b*scribed as the first thing 
to be noted in their apprehension of the eommon <d(uneiit The 
samples given may et)nsider«*d ns answers of our subjects to 
the <|uesti<m, **Whnt did you first n(»tict»r’ if we exclude ns 
irrelevant the nuunrks about certain (lgun*s wtiich attracted their 
atbuition before any idea of a eommon <*It‘ment was present. 

A, Data hc<iv<m:u mrum x <‘i.sau rKKCKrTioN or tiik rtmM, 

{. Fcrlin^f Tonr: 

An unpleuMunt uu«ymmetrieul figun*. (HI.) 

U. Mintnl 

The iilea of some Uiiul a figure; ulmehitely no determinate 
knowleilge i»f just what kind; a very frequent case, and one 
that riqireHiuitH the enrUent stage of pereeptiou. 

A horizontally lying curve.* 

Hy m met ry: 

Hubjeet uotieml first that the figure was hMuterally symm<*t* 
rie.ub and only cm seeing it scunewhat lattir did he get an 
idea <»f the form. (\Vr.) A pointed synimetrieal figure. 
(Mvv.) An uuMyinmetrieal figure. (D.) 

An iflea of the figure ehanging its position, ht*f»»re an image 
<»f its form. (K.) 

A eommon element similar to the one in the preceding experi» 
inent. (Mo.) 

* A rare instanee of spatial direetiim being given before a e.lear imagts 
The figure was (S, IS), For an f^xplanation t»f this manner <if referring to 
the figures by number, see page I IS. 
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Familiarity or Uufuiniliarity: 

Itloa of a common olomonf, thou <»f Homothiug atranj^o. 

In one Horios of oxporimonts, tii^urox wore introduced which 
the Hubjeet ha<l not seen bef«>re. 7^ Huid that with tho^e 
diskH he first noticed somethin)^ new, and aftt*rv\'nrds a 
special fixture. 

3. Partial Pmrption af the Fitfure: 

Subject knew first that a common elenu'nt was prenent, then that 
it was circular in form, then he obtained n complete idea of 
f<»rm. ((»,) 

A pointed fijfure. (M<».) 

An open kind of fijjfure. (Mo,) 

Subject knew that the flj^jure was rournl, and had an idea of atnmt 
how bij? it was, and could not ^et true form. (The fiijure was 
10,16.) (Mw.) 

A narrowly oblonjt figure, (Mw.) 

Something with top lines cmssimI. (tn stopping the apparatus 
knew exactly what the figure was. The image fatle<i and the 
abstraction, something with top lines eroMsed. remained. tMw.i 

Subject first noticed something reseinhling a heart, tlo’it that it 
was ilitfereut from n heart. (It.) 

** I next nuticeil that the figure was pointed. “ ( U.) 

At end <if ex[»eriment mdiject hiol forgidten whether the figure 
was a circle (»r a polygiin. ( If.) 

A bar in tin* center with some kiml i»f curves, This the uuhject 
attemtded to draw, hut failed utterly to pnoluce the figure, i H ) 
Subject knows that the figure has a stpiare tn the mi«ldlo, but 
cannot place the .square where it belongs. t iU.) 

At end of experiment the subjeet was certain of two triangles with 
pifints ttigether, and did not know just how the other line?* were 
drawn. (HI.) 

At end of experiment subject remembered a thumond in thf^ eeatt^r 
of the figure, but was abb* gradimlly to bitibl uj» the flgttre front 
this one fact and draw it (.1, 3) eorrertly, (HI.) 

Had at first the idea of some kind (»f n fedygoti. (Hi.) 

Thought a iinrk spot would turn out to he the common td^^oeut, 
and so it did. (HI.) 

A narrow oblong figure. (Ih) 

Noticetl at first a point and then a sipmre. t U. i 

I’irst notices isiiuts and then something cross.^l; IliiaUy MHta»«ed 
the true image. 

Knows that figure cmisists of two triangles, hut iloes ii*»r ktiv»w 
where to place the corners. (7.) 
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At tho <nul of tho oxporinu'nt tho sub.joet know that the figure 
ha<l Honiothing rouinl in th«' middle, lie was able to pick out 
the right figure (Kl, 11), on another disk, when it was placed 
before him. (Z.) 

B. DAT.V ACQriKKD AFTKR A OLKAR I»KR(’RrTU)N OF TllK FORM. 

1. The uUn of a ftifure*^ orit nttttioH : 

In some figures u distinct axis may easily bo picked out. They 
are built anmnd this axis. And acctinling to the. position of the 
axis the figure may be turnetl to the left and right, or up and 
down, or it may be rotated arouml the central point of this 
axis. The actual position of the figure, as determined by the 
direction <tf the axis, is what 1 mean by the figure’s orientation. 
It frecpiently happened that the subjects were in doubt about 
the <»rientati<»n ot the figure but felt p<*rfectly certain about the 
f<»rm and did have, in fact, a correct knowd<‘dge of all the 
tletails of the figure. This leads one to su[»pose that since the 
orientation of the figure is not given wdth the perc.epti(»n of the 
shape un<i details <if the figure’s composition, it must recjuire 
for its percept i<in a distinct act over and above tlu' act or acts 
of uj»pr*'hension that are necessary t<» acipiire a knowledge of 
the form. 

N<d only is the subject often left in doubt about the orientation 
of the figure, but he frecjuently is the victim of a delusion. It 
is an interesting fact that the subject w'cmid often be p<»Hitively 
eertain of an orieniatitm that was just the (jpposite of the true 
<»n4*. 


Tlu> explannticHi id* tliis <*mnie(»UK jiulgpieiit ih not eertuin. 
(itriinlmuBi Ims terimul (he phen(»in<*ti<iri luirror-drawinij: 
zvwhnumj), iiititiiat iiig that the figiiro i.s drawn m if from its 
ndhuditui in a mirror, Tlu* t*rrorH, howt*vtT, are not mendy 
sneh ns wnuhl lx* euused by drawing from a refleeiitm in a 
mirror. They may indeed he right and h*ft r(*v<*rsals, but they 
may also lx* up ami down rev^‘i’MnIs (»r rotations of tlu* figun*, 
through an angle (jf ninety or of a hundred and (*ighty degnu‘s; 
or errom whi<'h would lx* produeeil by combining the above 
alterations (d’ p<»Hition. As a possible explanation of tlu* delusion, 

I wanUl suggest the fcdlowing: The figure was m^eu by glancing 
at it from anotlier figure. This gbuux* involved a movement^ 
of the eye. Ordinarily the orientati<m <d' a figun* is judged 
at leisure, hy nujving tlu* t*ye from <me i>art <d* tlu* figure to 
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another. But in the rnpitlly tliHapj^enriny: tti^ureH, in our ex- 
perimeuta, thin was not always junsible. The {h^tails of the 
form were stMUi tirst. Tins involvisl {lerhaps a trlnnee, 

whieh was an up anti thnvn intivi'iuent tif the t»ye. tjr a riirht nml 
left tuovement t>r a rotation t»f tlu' t»yeliall. This v:huu'e at the 
fil^un* rist» to the idea of its oriental itm. It was iuter- 

pn^ttsl as a Kl^J^nee aUmiM: tlie axis tif tin* tl^ttre or frtuu one point 
of the figure to atmther. Tlt<»re was no time to (s>rreet the first 
itlea by a seeoiul moviunent of the f*ye. And the ehariee move- 
ment, in ohsiTving iht' figure, gave rise to the dt*htsiun of 
orientation. 

From the faet that simh delusions nml d<»uhts oeetir fre- 
((uently. it seems elear that a true and efrtain jiereeption of a 
figure s tirieutntion rr<|uires a spisnal mental net nml is not 
ordinarily given with the poreopiiou of its fi»rm. Unroly, it 
may preeetle the full pereoption of tho form, 

Thf* following stages of development give in brief <mtlim* 
an analysis of the prtieess of pereeption; 

1. The genenil iUea *»f kuel a rtgar*’ bi'iiag r*»pimte»L tn lUii 
Htuge ther*'* in* th'fUoie iiiftiraeittMU uimm the Hfuiipe »ir luOttre »»jf the 
figure whiit?»*»ever. 

«, \ mere er «jHn*nili ?.«»»! the figure TUi’* uleji uf the 

figure limy he et{*re«.4e<t hy perfeetly g»'aer$il terum nr a muy Hee»Mn 

f*y « mere or j*erftvt oimge. 

a, h eorreet iiiefi, of the figure ttti4 hle^wletige ef 0*4 «h;t|»»\ hut 

dcmht ahotit *»f error to O’* Mf»ennttj»ui, 

4. A eurreel i4eji uf the figure unit t^oh ^ true kiumUnlge nt 

it!t (irieittiiliua. 

A ph*asiiftt or tmpleasitni tom^ uf fn^t^liiig may m’^simpauy 
any tif these threi» lust stages I have never found it with 
the first. 

From the aiaive fiiniiysts lie* ord«'r *»f d«*veli»pment s»>s*ins 
^evident, The subjeet *l«ies m*t juiHs fn»m tle^ imbvtdnal tu the 
■ general, from the ts»neri*te to the abniraet, loit junt the reverse 
What is ofTi»red to vision is uidiviitind and eonerele enough 
But what one first sees and h*4ds to is son$ethmg that ean 
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fit into some kind of a mental category that the figure suggests. 
What one sees and does not hold on to, but at once forgets, 
takes no further part in the process of development. The 
mental category may be as wide as that conveyed by our idea 
of 'something.’ Or again, it may pick out some special char- 
acteristic of the figure. There are, indeed, two classes of incom- 
plete apprehensions of the figure used above and spoken of as 
appropriate mental categories and partial perceptions. The 
partial perceptions noted above must not all be put down as 
mere incomplete images. Once a subject said that she knew 
the figure was made of curved lines. She had not the slightest 
image of any curved lines nor any idea of how they were 
arranged. She attempted to draw some curved lines but failed 
utterly to reproduce the figure or any part thereof. Had there 
been a mental image of any part of the figure, that part could 
have been drawn. But there was no image. On perceiving 
the figure, it called- up by association the idea of curved lines. 
That the figure belonged to the class of curved-line figures was 
apprehended clearly and remembered. The image of the curved 
lines was not remembered. 

Another instance is that of Mw above. The final result was 
the memory of something with the top lines crossed. On stop- 
ping the apparatus she knew exactly what the figure was. The 
image faded and the abstraction "something with top lines 
crossed” remained. 

Sometimes there may, indeed, be a piece of a mental image 
in the mind. But frequently, perhaps generally, this is not the 
case. The partial memory of the figure means simply that the 
figure called up some such general concepts as points or angles 
or curves, etc. The subject remembers the fact that the sensation 
fitted the concept at the time of perception. The sensation may 
leave no image behind it, but the memory of the fact remains. 

We may regard the process of perception as terminating in 
a mental state representative of the figure and reproduceable in 
memory. The case of Q- above may be taken as representative 
of a good course of development. The subject knew (a) that 
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a common element (12, 13) of some kind was present. (6) He 
then knew that it was circular in form, (c) And finally he 
obtained the true mental image or at least a mental state that 
enabled him to reproduce correctly the figure he had perceived. 

When the subject knew that some kind of a common element 
was present, he was not, of course, seeing a general idea of 
something with his eyes. On the contrary, perfectly individual 
and concrete sensations were being perceived. The process of 
perception was one of normal sensation, but in all probability 
not of focal vision. The process of apperception was the recog- 
nition of these sensations as belonging to the general concept 
‘‘some kind of a figure.” Later on, this concept was specialized 
to that of “a figure circular in form.” Still later in the process 
of development, a mental picture was obtained representing the 
figure in its details. 

However, the mental image forms no essential part in the 
apprehension of a figure. It is like the illustration in a book® 
which is useful but not necessary for the sequence of thought. 
The contention that the mental image forms no essential part 
in the apprehension of a figure is proved by the following ex- 
perimental facts: 

(a) Subjects Be, Bl, G, K, M, W, Z were at times conscious 
of a figure repeating itself before they could say anything more 
than that some figure was being repeated. 

A figure was apprehended as repeating itself. Certainly, 
therefore, a figure was apprehended. But there was no image, 
nor any further knowledge of it than that it was some kind of 
a figure. Therefore the image is not necessary in the appre- 
hension of the figure. One must not confound the visual image 
with the visual sensation. Without the sensations one might 
just as well have his eyes shut. There would be no apprehension 
at aU, because nothing to apprehend. But in the resultant 
from the visual sensations, the mental image has no essential 

5 In the above statement I do not mean to call in question the conclusion 
of Watt about the utility of the mental image in forming associations. 
Mental imagery is very convenient and useful, but it is not the only element 
in the flow of thought, nor is it an essential element. Cf. Watt, Archiv. f. 
d. ges. Psychol., 4, pp. 361 f£. 
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part because it may be lacking altogether. The residuum may 
be the bare fact of memory that the sensations did call up 
certain generalizations and did represent something belonging 
in their category. 

(6) These results were not only obtained by a subjective 
analysis of the course of development after it had transpired; 
but were also confirmed by an objective test. Shortened series 
of expositions were given so as to cut short the process of devel- 
opment before it had arrived at completion. For example: 
Subjects who require on an average fifteen expositions to be 
sure that a figure was repeated, were given six or seven. They 
were asked at the end of the abridged series to describe their 
state of mind. In this way a kind of cross-section of the process 
of perception in its course of development was obtained, and a 
confirmation of the results of memory and introspection was 
secured.® 

(c) The following series of experiments with subject Z is 
noteworthy in this regard. A series of disks was prepared in 
which there were two common elements. Common element a 
appeared in groups 1, 3, 5, etc. Common element 6 appeared 
in groups 2, 4, 6, etc. The two common elements were thus 
exposed to view alternately. The subject was told to stop the 
apparatus as soon as he was certain of one common element. 
He did not know whether or not there would be one common 
element in each group, or two in alternate groups, or none at all. 

Experiment 1. Common Element (9, 12)-(10, 16). 

Eesult: The subject had a feeling that some kind of a common 
element was present during a period in which no determinate 
figure had as yet been noted. After four exposures he was sure of 
9, 12 and when the apparatus stopped he saw 10, 16 by accident 
and knew that it had been there before. The subject then drew 
both figures correctly. 

Experiment 2. Common Element (10, 15)-(10, 14). 

After ten exposures the subject drew 10, 15 and said that he had a 
feeling that another common element was present. 

6 For a fuller account, see below, p. 163. 
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Experiment 9. Common Element (5, 12)-(4, 12), 

The subject stopped the apparatus after nineteen exposures and said 
that he was perfectly certain of some common element and that 
there should be two, because two certainties kept crossing each 
other in consciousness, but with no image. The feeling of cer- 
tainty could not attach itself to any common element because before 
it could do so, another feeling came of another common element. 
He was unable to draw or tell anything about either of the common 
elements. 

Experiment 12. Common Element (14, 14)-(13, 14). 

After nine exposures the subject stopped the apparatus and said that 
he was certain of two common elements, but what they were he did 
not know. He had a feeling that there was some common element, 
but he could not find it. He judged that there were two because 
of the difference in feeling between these experiments and those in 
which there was but one common element in each group. 

The remaining experiments of this series confirm these 
results. 

Further experiments were made with this subject, in which 
disks were introduced having one common element in groups 
1, 3, 5, etc. In groups 2, 4, 6, etc., there was no common element. 
He sometimes mistook these disks for those of two common 
elements, but he never said that there was a common element 
on a disk where there was none at all. Nor did he mistake a 
disk with one common element in each group for one with two 
common elements. 

These experiments make it perfectly clear that a common 
element may be perceived and that, too, with certainty, while 
in apprehending it there is not only no mental picture left in 
the mind, but not even a more or less specialized general concept 
of its form. 

From the experiments of the above sections (a, 6, and c, pp. 
134 ff.), the conclusion is warranted that a mental picture forms 
no essential part of our apprehension of a figure. 

Taking perception as a general term to cover all the pro- 
cesses by which we arrive at a knowledge of the figure, we may 
distinguish therein the following factors : 
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A. The Process: 

(а) An objective Factor: 

The sensations to which the figure gives rise. The reception of 
these sensations by the mind institutes a process of apper- 
ception. 

(б) The Feelings: 

Here feeling is taken in its strict sense, as pleasurable or dis- 
agreeable, or a feeling of tension, etc. 

(c) A subjective Factor: 

The sensations are recognized as representing an object which 
belongs to one or more mental categories. 

B. The Residuum: 

(a) The memory of the fact that the object belongs to such or such 

categories. 

(&) The mental image. 

(c) The memory of the figure’s orientation. 

In the residiinm, {a) is essential, {b) is not essential. I 
cannot have an image of a figure without at least knowing 
implicitly that it belongs to my mental category of figures. 
But the experiments have shown that (6) is not essential, for 
one can apprehend a figure without forming any mental picture 
thereof. 

The above view of the process of abstraction is borne out 
in some important details by the work of Arthur B. Davies of 
the Ohio State University."^ This experiment regards two facts 
as established. 

''The first is, that perception is a mental process, not an act; 
and the second, that the perceptual content undergoes a growth 
before it can be definitely defined” (p. 189). 

Our own experiments have made these points abundantly 
clear. He also agrees with us in a conclusion that he puts for- 
ward tentatively. "Primitive psychic material does not seem 
to be so much received from without, as developed from within.”® 
Taking this to mean in our own terminology that in the process 
of perception there is both an objective and a subjective factor, 

7 A. E. Davies, ''An Analysis of Psycbie Process.” Psychological Be- 
view, 12, 1905, pp. 166-206. 

8 Op. cit., p. 200. 
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it must be put among the established facts of psychology; and 
indeed the subjective factor does have very much to do with 
the final product — ^perhaps more than the objective. The author 
points out three stages in the perception of the form:® (a) the 
perception of light. (6) An imperfect perception of the form, 
(c) A perfect perception of the form. That the perception of 
light should enter here as a stage prior to any perception of the 
form is indeed remarkable. The explanation, however, is to 
be found in the conditions of the experiment. The subject 
sat in the dark and the figures were illumined by a flash of light. 
Before any perception of the form could take place, there had 
to be a process of adaptation during which only light could be 
perceived. It is strange that the author makes no reference 
to adaptation as accounting for the perception of light prior 
to that of form. The flash of light, too, accounts for the feelings 
of tension, surprise, etc., to which so much attention was given 
by the author. However, it would be natural to suppose that 
a feeling of tension or excitement, or both combined in a weak 
emotion of surprise, might well precede the entrance of any 
objective perception into the field of consciousness. 

The author notes that positive examples of association^® were 
rare. The experience in our own experiment was that with some 
subjects they are plentiful enough, but rare with others. 

In the following section, he seems to differ from us radically. 
‘‘If therefore by association is meant the subsumption of a 
particular perception xmder a general idea or class, we do not 
find that such a procedure is characteristic of elementary psychic 
process. ’ 

We take it, however, that his data on this point is negative. 
He did not find it to be so. And indeed he does not say that 
it is not the case. So, even here there is no real contradiction 
of results. The method used was not calculated to bring out 
that stage of perception which we found, in which there was no 

» Page 176. 

10 We suppose tliat there is here meant association of the figures per- 
ceived with various ideas or objects of real life. 

11 Page 191. 
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image but only the bare knowledge of some kind of a figure. 
Davies exposed a figure by a momentjiry flash of light in a dark 
room. The subject was then recjuired to give an account of his 
experience. There was always but a single exposure and no 
chance for a long-drawn-out development of the process of 
perception such as occurred in our own experiments. The op- 
opportunity for a longer process of development enabled the 
analysis iMUsed upon our own experiments to be more complete. 

3. Tub FAcrroa ov Memory in the Process op Abstraction. 

After the common element has been separated from the 
elements that surround it and perceived, it must be held in 
memory. The memory of the Isolated characteristic or group 
of (lunlities is nil es.sential element in the proceas of abstraction. 
Conae(iuently it wouhl secun dtisirable to invtsitigate this process 
of memory as it otsnirrcHl in our experiments. 

There are thnsi factors which are readily seen to affect the 
prcKHtss of memory : 

(«) Tin* metho«l of memorizing — visual or motor, or whatever 
method may bt( use<l. 

(6) The efr«'ct of perceiving new groups between the time 
of the figure's first perception and its final recognition as a 
figuni that Ims occurre<l more than once. 

(c) The focality of percesption — the chanco falling of the 
figure in tlu' focal point of vision, or more or less outside of it. 

Each one of thest( points can bo easily made the subject of 
experimental inv<>stigation and the three following sections give 
the r«!8ults obtained: 

(a) The Method of Memorizing. 

During the course of the experiments it occurred to me to 
ascertain how long it would take to memorize a group of five 
figunw HO that they could be accuraUily drawn. While acting 
as subject in tlutse experiimmts I discovered that this was largely 
dejjendent upon the inetluxl of memorizing. At first sight it 

,t>rRTY OF 



HO rwinrTAOt / Vuhluatitnhi in Psythohgy, [Voli 


wmiltl thnt iti linikinij nt n unnip of tliknin^H nml nttmpting 
tti uft tht’m in imnd for fiitiiro r«iir<Hlni*tion» hiw tn do with 
n |irt»t»i‘i4s uf hy vi?iun! itiutiirory. lint mw him but 

tt* nttonipt tho to ilmruviT that ht^Hidl^H th** vihuhI image 
thm^ in Mtumthiim •1*40 uhioh in ii imworful iiui to memory. 
And t\m is ii ni»»ro or ofuniilofo meutiil nnnlysw of the figures, 
an amdvsis whodi it is iittorly unn«H’i*?isary for the aubjeot to 
put in Words. Wlmt lire tin* figures more eteinentat partat 
How are they rtdHt**df I Hit*?* it r» s*‘mt*le anything in real lifet 
Sueh faetors m tln^se are ehuiients whndi. ini^st will inlmit, do 
nt»t hehuig to tin* visual sensiitioii, ns sueh» nor to its inurt* cir less 
perfect repliea, tin* vistud image. Tin* attompt to ph*tun> an 
objeei si» a.s to Ih' abb* to sot* U eloarly with tin* mimrs i^ye. and 
if flood b«*, draw' ti, is oin* inontal proooss Tin* o(Ti»rt to nnatyise 
an objoot. to sto what it is mad** i*f, what it rosi*mbh*s, its pug- 
siblo use, ob* , IS anolhof njontal prm ms Ami while th« two 
may g»» hand in hand, thoy in i d md , and it is possible to 
momori/»* by oithor mot hod 

lvvp» rn*iM*o. howo\# r, would indioato that vi:suidi/.aiion with- 
out analysis ss rare and dil 1 U*uH Howovor, those are two %'ery 
distuu’t no finals of fnoni**ri/ing ; and wlub* it is not possihtt* to 
use oitln*r 111 an absidutoly pur** amt ui»a*tult**ratetl fi»rm» still 
It IS p*»!H>sible In make • ith* r visuati/.aln»n or amdysis the pre- 
dfuiunating feature m tin- method *»f memorising. This was 
attempted in the bdlowing series of evperiment.s. Tin* method 
Ilf i\p«*rimenl wa.s very simple A gr*aip of five Hgnnsi was 
evpimitd f«»r a eiUistant him* and the subjeet was railed upon 
to meiiiori/e the vtroup l»y one or the other method. At the 
efut of the lime the group wa.s eovered amt the subjert ealletl 
UjiMii to draw" what he rememlierefl Tin* drawings were then 
rated, an iipproviimibdy perfeet drawing l»'ing given ii ennlit 
of I An imperfeet drawing, but still r**eogntzable its htung 
iitleioled for oil** if»f the figufes evpoisif^d, wa.s gi%‘en s eredit of 
n Tt, An utterly unreesignMwble ilrawing wits given a ertslit 
of n|. An emission wii.s eotmted as /ero It is not always 
pi^ible b» as,fugn a drawing %\iih errininty to one of the tlirs 0 
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griuiini!:s. However, it ia generally fairly easy and is better 
than calling everything perfect or zero. 

After a little experimenting it became evident that the 
method of analysis had a deeitled advantage over that of visual- 
ization. After this was noticed, there might be a subconscious 
tendency to favor the marking by analysis and thereby 
strengthen the evidence for the point maintained. But however 
much one might do this I am sure that no system of conscientious 
marking couUl turtv the balance in favor of visualization. To 
offset any such tendency I wjw a little stricter in marking the 
results obtained in memory by analysis than those obtained by 
visualization. Ami £ believe that the markings given for analysis 
are a trifle too low. 

A much more serious <Ufllculty is that which arises from 
the attempt to exehule all analysis of a figures when one is trying 
to gt't a visual imagt! of it fixed in the miiul. Associations crop 
up spontaneously, ami one simply cannot exclude all analysis 
of the figure. Tlu( sulyjects were instructed that when they were 
attempting to imsnorize l)y visual imagery they were not to 
mind any involuntary associations or analyses of the figure that 
might spring up, init still not to make any great effort to sup- 
pn'Hs tlicm. Tile nwult is that the two sets of experiments really 
repnwent nuunory by visualization witliout attempt at analysis 
or association, ami memory l>y analysis and associations without 
any attempt to acciuir<‘ a definite mental imago. It is much 
easier to memorize by analysis to thi* exclusion of imagery than 
vice versa. Subjects often remarked that figures were remom- 
liered by some a.ssociation ratlier tfian by imagery when they 
were attempting to memorize by visualization. But it seldom 
hai»pene<l in attempting to memorizii by analysis ami association 
that the figure was recalled by its visual image suddenly ap- 
pearing without any apparent associational connections. As a 
result of this tlie markings for memory by visualization are 
consideraldy higiier tlum they wouhl be if the metluHl couhl 
have been used in absolute purity. 
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Subject B . 


Sept . 27, 1907. 


Oct . 11, 1907. 

Oct . 25,1907. 

Imagery. 

Association. 

Imagery. 

Association. 

0.8 

4.0 

2.1 

2.6 

0.4 

1.7 

2.1 

2.2 

0.4 

2.1 

0.4 

3.2 

1.2 

2.1 

3.0 

1.2 

0.3 

2.0 

2.2 

2.2 

1.6 

2.1 

1.5 

1.5 

6) 4.7 

6)14.0 

3.0 

1.7 

— 

— 

1.3 

3.5 

0.8 

2.3 

1.1 

2.6 



2.0 

— 



1.2 

9)20.7 



1.5 

— 




2.3 



12)21.4 




1.8 



Oct . 4, 1908. 


Oct . 31, 1907. 


Imagery. 

Association. 

Imagery. 

Association. 

2.5 

3.0 

1.5 

3.1 

2.0 

3.2 

0.1 

2.1 

2.1 

2.1 

3.1 

3.2 

2.1 

3.0 

1.6 

2.2 

1.1 

1.5 

1.5 

3.0 

2.0 

3.5 

5) 7.8 

5)13.6 

6)11.8 

6)16.3 

1.6 

2.7 

2.0 

2.7 
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Subject E . 


Sept . 26, 1907. 


Oct . 10, 1907. 


Imagery. 

Association. 

Imagery. 

Association. 

2.6 

5.0 

2.2 

2.7 

2.0 

4.5 

4.5 

3.6 

1.0 

5.0 

3.0 

5.0 

3.0 

2.5 

2.5 

2.7 

3.1 

5.0 

2.0 

4.5 

1.5 

— 

5.0 

4.0 

— 

5)22.0 

6)13.2 

— 

3.0 

3.5 

— 

4.4 

3.1 

4.1 

2.2 





1.5 

5.0 

Oct . 3, 1907. 


1.3 

5.0 


Association. 

2.1 

3.1 

Imagery. 


5.0 

3.0 

5.0 

2.5 

3.0 

1.0 

12)32.7 

12)48.2 

1.1 

3.0 

2.7 

4.0 

4.0 

4.1 



2.2 

2.0 



2.9 

4.4 



2.7 

3.0 



— 

4.0 



7)18.9 

— 



2.7 

8)26.5 



— 




3.3 




Subject Mo. 


April 18, 1907. 


April 25, 1907. 


Imagery. 

Association. 

Imagery. 

Association. 

2.0 

4.0 

4.0 

3.0 

2.0 

5.0 

2.5 

5.0 

2.0 

4.0 

2.0 

3.0 

2.0 

4.0 

2.0 

4.0 

2.0 

4.0 

3.0 

4.5 




2.0 

5.0 

5)10.0 

5)21.0 

6)15.5 

6)24.5 

2.0 

4.2 

2.6 

4.1 
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Oct. 8, 1907. 17ov. 7, 1907. 


Imagery. 

Association. 

Imagery. 

Association. 

2.0 

4.5 

3.0 

4.0 

2.0 

5.0 

2.0 

4.0 

1.0 

4.0 

3.0 

5.0 

4.0 

3.0 

3.0 

3.0 

3.0 

4.0 

2.0 

4.0 

4.0 

5.0 

3.0 

3.0 

3.0 

4.0 

3.0 

3.0 

3.0 

5.0 

2.0 

5.0 

2.0 

4.0 

3.0 

4.0 

3.0 

4.0 

3.0 

4.0 

10)27.0 

10)42.5 

10)27.0 

10)39.0 

2.7 

4.2 

2.7 

3.9 


The above tables show in every case a decided advantage in 
favor of memory by association and analysis, over memory by 
imagery. It would therefore seem as if the psychological factors 
in the analysis and association of a figure add greatly to the 
mind’s power of retaining and reproducing it. An objection, 
however, was suggested by a friend who was not inclined to 
give up so readily the primary importance of mental imagery 
in the process of memory. Perhaps in memory by association, 
he held, there is brought into play the motor imagery which is 
inhibited by the attempt at visualization. So that in what is 
termed memory by association we have really memory by visual 
imagery plus motor imagery, and therefore this is naturally the 
more favored form. That such was not the case is evident 
not only from evidence to be given later, but from the record 
that was kept of the cue by which the subjects fixed the figures 
in mind in memorizing by association. Not once did they 
mention any feeling of movement, as of outlining or drawing 
the figure or its parts, but the associations were always such 
as connected the figure with some known object, or analyzed it 
into parts, or some kind of description was given which was of 
itself insufficient to express the subject’s full concept of the 
figure, but stood as a symbol for his mental state in regard to it. 
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Below are a few riuulom samples of such associations, divided 
into three classes: 

(а) Associations wliich connect the figure with an object in 
real life. 

(б) A description which indicates some kind of an analysis 
of the figure. 

(c) A designation which really expresses the subject’s in- 
ability to associate or analyze the figure in the given time, but 
which nevertheh'ss serves as a symbol of the figure and aids in 
its recall. 


A. OlUECT. 

K Analyhi.s. 

(?. Symbol. 

Scroll of piipor. 

(Undo. 

(‘urlycuo. 

Melon. 

(Uirvod fljturo with dot. 


A kind of handle. 

A kiiul of hoxngtui. 

Funny figure. 

Star. 


Homething upnido tlown. 

Tulip. 

A kind of ohlonK* 


Iloart. 

A kind of m|uanj figure. 

The well-known figure. 

Bwantika. 

A half •circle. 

The unassociated figure. 

Diamond with handle. 

A kind of Hcroll. 


Dumb-holi. 

Two turnips. 

( ‘urvoH. 


Nocktio. 

IhitH. 

HtjuaroH 

INdntH. 

INuitagon with dot. 

( Uit triangle. 

<Uit qufMlrangle. 
Htuuething long ami nar- 
row with pointH. 



On lm>king over this list of Jiasociations one might he inclined 
to say that this so-calhul memory by jissoeiation and analysis 
is really nothing but a process of naming the figures and rem<!m- 
bering the words us««l. That might be so if the catch-word 
used to (hwignate the figure generally wen* sufficient to express 
it truly. But that is not the cjise. The figure is never com- 
pletely described. Anti tht^ subjtsct’s task is not to rem«;mb«>r 
his descrii>tion of the figure but tit remembttr the figure so as 
to be able to tlraw it. The wortl <ir wtirtls ustid servtt to fix and 
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crystallize tlie mental state that was experienced in perceiving 
the figure. They are not that mental state nor do they fully 
express it. Why? Because there is more in that mental state 
than is given in the word. And how do we know this ? Because 
the subject draws more than his words express. 

It is an important thing to ascertain the real value of motor 
imagery in memorizing such figures as were used in our experi- 
ments. It is not evident from inspection that it is either 
inferior or superior to “memory by association.’’ Accordingly 
a method was devised by which the value of motor imagery 
could be tested. The subject was allowed to trace the figures 
with a pointer in one set of experiments, thereby giving him 
an opportunity for the development of motor imagery. This 
set of experiments was compared in each sitting with a “visual” 
and “association” set. The time allowed for each experiment 
was that which sufficed for the subject to trace five figures, 
which varied from 10 to 13 seconds, with the three subjects. 
Bach subject, however, had for visualization and association the 
time that allowed him to trace comfortably the five figures. 
The order in which the experiments are printed is that of the 
experiment. 


Aug . 24, 1908. 

Visual. 

1.0 

1.5 
0.5 

3.1 

2.6 

1.1 

6) 9.8 
1.6 


Subject Bb. 


Motor. 

AsscciatiozL. 

3.0 

4.0 

3.5 

3.5 

3.0 

3.5 

2.6 

3.5 

1.1 

3.1 

2.6 

3.6 

6)15.8 

6)21.2 

2.6 

3.5 
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Sept. 28, 1908. 

Association. 

Visual. 

Motor. 

3.5 

2.0 

2.5 

3.0 

1.6 

3.0 

5.0 

2,0 

1.1 

3.5 

1.5 

1.0 

2.0 

2.1 

3,0 

2.0 

1.1 

1.0 

3.6 

2.0 

3.0 




... 1 . 

7)22.6 

7)12.3 

7)14.6 

- — 




3.2 

1.7 

2.1 

Oct. 5, 1908. 

Motor. 

Association. 

Visual. 

1.6 

3.5 

3.5 

3,0 

4.0 

1.2 

2,6 

4.0 

1.0 

2.0 

3.5 

2.5 

2,5 

3.0 

2.5 

2.0 

3.1 

2.1 



— 

6)13.7 

6)21.1 

6)12.8 




2.3 

3.5 

2.1 

(kt. 19, I9()H. 

VUuhI. 

Assoriatlon. 

Motor, 

3.0 

2.5 

2.5 

l.O 

2.6 

1.5 

2.0 

4.5 

3,5 

2.0 

3.0 

1.0 

2,5 

4.0 

1.0 

2.0 

3.6 

1.0 

6) 12.5 

6)20.2 

6) 10.5 

2.1 

3.4 

1.7 
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Sept. 17, 1908. 


Associiiktion. 

Motor. 

Visual. 

4.0 

3.5 

to 

o 

2.0 

0.0 

3.0 

4.0 

1.6 

3.5 

(3.0 

2.0 

2.0 

5.0 

3.0 

2.0 

5)20.0 

5)16.1 

5)12.5 

4.0 

3.2 

2.5 

Sept. 24, 1908. 

Viliunl. 

Motor. 

Association 

a.o 

2.5 

4.0 

2.5 

3.5 

1.5 

a.o 

a.o 

a.i 

a.o 

2.5 

4.0 

1.0 

1,0 

a.5 

l.O 

2.0 

2.5 

1.0 

a.5 

3.5 

2.5 

2,5 

4.0 

-r- 



8) 17.0 

8)20.5 

8)26.1 


M O 

2.(3 

HutUKCT? W». 

a.a 

Aug. 27, ISKtH. 


ViHUAl. 

Motor. 

5.0 

4.0 

5.0 

4.5 

2.5 

a.5 

2.5 

a.o 

a.i 

4.0 

a.o 

1.5 

a.5 

4.0 

3.5 

4.5 

2.5 

3.5 

a.5 

2.5 

1.0 

7)27.5 

7)21,5 

7)21.1 

a.o 

3.1 

a.o 
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Sept. 3, 1908. 


Visual. 

Kotor. 

Association. 

2.0 

4.0 

4.0 

4.0 

1.0 

5.0 

4.0 

3.0 

4.5 

2.5 

2.0 

5.0 

2.0 

2.0 

4.0 

5)14.5 

5)12.0 

5)22.5 

2.9 

2.4 

4.5 


Sept. 10, 1908. 


Motor. 

Association 

Visual. 

4.5 

2.5 

4.1 

4.5 

4.5 

3.0 

4.0 

5.0 

3.0 

4.0 

4.1 

4.1 

2.5 

4.0 

1.0 

5)19.5 

5)20.1 

5)15.2 

— 

-■■■ ■ - 

.... 1 . 

3.9* 

4.0 

3.0 


Sept. 17, 1908. 



Association. 

Motor 

Visual. 

5.0 

3.0 

3.0 

4.0 

4.0 

3.5 

3.5 

0.5 

2.5 

5.0 

3.0 

2.5 

2.5 

3.0 

2.0 

5)20.0 

5)13.5 

5)13.5 

4.0 

2.7 

2.7 


*Iu tMs set seven figures were recalled by involuntary association. 
Were these excluded the average would be reduced to 2.5. 
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Oct. 1, 1908. 


Visual. 

Association. 

Motor 

4.0 

4.5 

4.0 

2.5 

5.0 

4.0 

3.0 

5.0 

2.5 

2.5 

4.0 

4.0 

1.5 

4.0 

3.0 

5)13,5 

5)22.5 

5)17.5 

2.7 

4.5 

3.5 


Subject Bb. 


Table of Averages. 


Association. 

Motor. 

Visual 

3.5 

2.6 

1.6 

3.2 

2.1 

1.7 

3.5 

2.3 

2.1 

3.4 

1.7 

2.1 

4)13.6 

4) 8.7 

4) 7.5 

3.4 

2.2 

1.9 


A 



Figure 4, showing the relation between memory' by association (a), 
motor (m), and visual (v) imagery for Subject Br. 
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Subject S. 


Table of Averages. 


Association. 

Motor. 

Visual 

^.8 

2.3 

2.1 

3.9 

2.5 

2.8 

3.5 

2.4 

2.2 

4.0 

3.2 

2.5 

3.3 

2.6 

2.2 

5)18.5 

5)13.0 

5)11.8 

3.7 

2.6 

2.3 


A 



Figure 5, showing the relation between memory by association (4), 
motor (m), and visual (v) imagery for Subject S. 


Subject Wr. 


Table of Averages. 


Association. 

Visual. 

Motor 

3.9 

3.1 

3.0 

4.5 

2.9 

2.4 

4.0 

3.1 

3.9 

4.0 

2.7 

2.7 

4.5 

2.7 

3.5 

5)20.9 

5)14.5 

5)15.5 
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Figure Hh(i\vi«g the relnticm between memory by aHHoeiation (a), 
mot<»r (m), niul vtnunl (v) imagery f<»r Hubjeet Wr. 


Thost* tahl<‘s nn<l tigureH show ii cl<‘cUl<»(l advaniugt^ f<)r 
raeinory by n.ss(K‘iatit)n over memory by imagt^ry. Tht^y show 
besides that, so far as this aclvantage is eonet^rned, it makes 
no difTt'rt^nee whether tht‘ imagery be visual or moti»r. In 
motor-imag(‘ry we really have motor plus visual, for the subj(*et 
n(*eessnrily looks at th<* tigures whih* traeing theub S(» that 
ev<*n the e<imbine<l eflVet <jf visual and motor imagery eannot 
efpml the n*sultH obtained by nnnlyyang and assoeiating the 
figures. 


(h) M( morj/ as Htlated to the Seciuenee of (he 
S n rro u n d i n<j F uj u res. 

In th«» proeess of nbstraetiou oiu* gr<mp <d* sensatiotis after 
miother is pereeived by the mind. In eaeh one <»f th<*8e groups 
Homt^ e(unm<m element is always eoniuined. The rntmauit ar- 
rives \vh<m this eiunmon <dement beecmies s(»pnrat<sl from thoK<? 
that surround it, and apprcmehes the foeni point of eonseious- 
n<*ss. Tliis is, ns \sv fiave seiui, not an instantaiusms n<*t l)Ut a 
proe<»Ks with ni<»n‘ or less <hdinite Htugt*s, an<l ean und<*r eireum- 
stnnees eonstime a relatively long tim<‘. In the meanwhile one 
gr<»up <»f impressions after another falls upon the mind. What, 
we may ask, is tht» efTeet <»f these impn‘ssi<ins on tin* subjeet’s 
memory <*f the eonumm element? One might jump i<i the 
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coneluHMUi that tht‘y irtai t»» tlu* uwnmy of the 

connuou element. Still, ntu* l»f* sun* ut this. t»lT-hiuul; 

experinientH haw .surprises iu stun*. 

An|L?:eU ami Harwtsitl t’lunid that ilisfrat*tittus iM^tweea a 
normal ami ntmpanul stimulus m^t tmly tti<i m»t ntways tteerense 
the aeeuraey t>r nssi^uitiou, hut tluii at tuu«'s thfv wow in- 
creasetl it.*‘ A wry tlitTen-ut result ulitaius \vtu*n‘ it is not a 
questhm of roeoOTi-'itti? ft stimulus hut nqtnMluoim^ that whieh 
has previ*»usiy \m*n h*nrmsl. I'mh'r tht*sr rmulitiMUs the etteet 
of Honsory stimuli ht*twi*t*n the time nt m»*iiMU*i^iuvr ami of repro- 
duction is to tdiliternte that whieti the Huhj»*ei had leaniiMl. 
Hicham fouml‘^ the follow tie^ nv»u‘a!4:e errors tinder these 
conditions : 



lUnptf inUf^Ai 

flUins 


l! SiCt’, 

Jw‘»l M 

«•.* 1 

:u 7 

lU Her. 

ils.s 

:u.o 

itn .0 

30 Stic. 

:u.i 

a:io 

ar,i 


We miijht r<^Ht upon the n^sult.s of ItrLduun ami eonclmle that 
wdien a immher tif new !lKUir»*s an* nt*tiet‘il aftor tie* peree|)tion 
of the common element they will tend to ohlitorate the memory 
of the common element. The laps*’ of tun»* hot ween the tlrst 
and the Ht*eomi perception ««f the e(uium»n element is not the 
only fnetttr which tends to ojiliteraie tli«» ctunmon element, 
Hucemslitn;: impre.'whms have a posjtiv*' tendeney to impair the 
Huliject’s memory for the eoniinon element whieti has attracted 
his attention. Ihiwever it Helmed 1 h-sI not to rest eontent wdth 
experiments made und**r conddiMns that wrre imt preeisely the 
same as tlmse under winch we studied the prMee.s.s tif al»straetion. 
We put the point U* an aetual test 

The method of experiment wa.s a.s follows; The subject tirst 
saw three groups of ruptres He wa.H mstrueti'd to fixate ii mveti 
pimition in th«*s** groups i # . always tin- lirst, emtntiim: from 

Art{(cU nn*l ** hijn-rimorat mu t<Ucr> 

vals of Time, Part I.'* 4mrr, .11. |»e a*' Part tl, 

m. |ip. ns 70. 

*■* if. Hialmm, ** M*se *r> " /*V' tvu, I, r t ‘ * 
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left to right, or the second, or the third, ete. After these three 
groups enme h fourtli exposurt^. In this t!u*re wais but oue 
figure, which might be iu amy oue of the live positions. After 
this enme a etulaiin mimluT of groups ’ iivt\ or twtmty-one, or 
tvveuty-oue hbink spaiet's ■ aieeording to tlu* ujiture of the t^xperi- 
ment. At the eml of t'aieh experiment tlie siibjeet's Uisk wais 
to draw tlu* isohittnl figure of the fourtii (‘xposure. 

The rejisou for vairying the ilustainee b<‘twetm the point of 
fixaition aiud tluit of the exposure of the figure wiis to n^produee 
timt eonditiou of tin* previous experinumts iu wliieli the subject 
is still unsatisfh'd with his kimwledge about the common element. 
I first compnre<l the condition t»f mtnnory nftt‘r fivt^ exposun^s 
with tlmt aftt»r tvv<*nty«<ine. The sul)jt‘cts were nittsl as in 
the {>reviouH i*xpi*rimentH 4»n imnuory, ami tfnm an average of 
all experiments wais taken. For memory after fivt^ (‘xpiwures 
th<^ g<m<*ral average for the subjects (twenty six experimt*ntsl 
wjus d.'M). For mtmiory after twenty-tme exposurt‘s tht^ general 
average f(»r ihret* subjects (thirty-tme experinumts) was 0.34. 
We thus see that increasing the numlier of exposures, after the 
perct'ption of a figure, has a tendency to (lecrt^ase the accuracy 
of the memory. I then tstmpnred the ctmdition of memory after 
twcuty-om* groups of figures had followed the isolated figure 
with thi^ comlititm wlnm twenty*one blank spaces followisl the 
isolatcKl figun*. Tin* average in tin* first irmtams* for the subjects 
(twelve cxpt»riments) was 0.d7. In the secornl instams^ the 
average for three suljjects (fifit^en t*xp<*rim(*nts) was 0.77. The 
perception of new llgun^s seems tln*refore to have a temhuicy 
to (obliterate the nnunory of the one nlr(»ady p(*rci»ived. Tin* 
chnnent (of practice. hovv(‘ver. has almost doubled tln^ markings, 
HO too mu(*h r<‘lian(*i* catmot he plac.<*d on thest* pn*j)Hrut<ory 
exp<TimentH. 

It sismnsl poHsihb* to gtd results more (jui(4ily if W(* fnid 
a mat(*rinl in whi(*h (*n(*h <»b*ment was more homog(*n(*otiH. Oin* 
figure is so much more nttrnctivi* than anotln*r and has so many 
mon^ possihiliticH of associatiiJn that t’n- t*h*nH*nt of chance enter’s 
in to (ihscurt* the rf*sidts. (k»nMe(nn*ntIy a s<*t of numlocrs was 
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prepared. Tn eaoh imnilwT there were thn^e diK'ita. In no 
number waa the same di^dt repenttnl. A Zi»ru never oeeurred. 
An arithmetical H<‘<iuenee of tlu* diisdts was avoided. Such 
munbers as the folUnviuK^ wi^re therefore exehidetl: U2, 120, 123. 
The order of t^xperinieiits nuuninetl the samt* as before, only 
instead of (i^un^ we had numbers tHmsistinjjr of tliree digits 
each. A eompnristm was then made betwet^n the memory of 
an isolated number after twenty-tun* blank spaces had followed, 
with that after twenty-one grtmps of five munbers each had 
himi exposetl. 

The memory was rated as eith<»r pwul or bath If the subject 
recalled two or more digits etirreetly, his meiiutry tif \ho numlH^r 
was rated gtHsl; if ht* gave less tham two tligils eorreetly it wais 
rated bad. The restdts aire given btdow. The serit‘s with the 
vacant spaces are tlesignntecl by V. tin* series with the twenty- 
one groups of tlgur<*s are <b*siguait«Hl Ity 21. A intlieattw the 
tlifference in posit i<»n betw«*en the ptont of bxntittn and the 
occurrenee of the istitnted element, Tiider M is given the rating 
of thesubjeet's memory good <g> or bad i bh 
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In tliis case a is the number of times the V series was good; & 
is the number of times it was bad; c is the number of times the 


“21” series 

was good; d 

the number of 

times it was bad. 

Accordingly we have 



a 

b 

c 

d 

yg 

n 

«21” g 

«2P h 

12 

1 

3 

10 

7 

2 

.1 

7 

7 

4 

5 

5 

26 

7 

9 

22 


r-oin"’ V (26). (22)-!/ (7). (9). 
2 t/(26).(22)+i/(7).(9) 

= 0.71 


Probable error 

1.1 1.1 

1 IQ 


1 

si 

1 

SSii 

II 

±1 .ly 


r=0.71=b.l9 


(c) Memory as Belated to the Focality of Perception. 

To give some idea of the decrease in the accuracy of the 
memory with the distance of the object from the point of fixation, 
I plotted a curve from the few preparatory experiments of the 
previous section. It happens to be of a smoothness that is not 
warranted by the few experiments and which I believe is some- 
what accidental. In spite, however, of some objections that 
can be made to it, its main points represent fairly the decrease 
in the accuracy of the reproduction which is due to extra-focal 
perception. 

A source of error lies in the fact that some figures have s 
greater attractiveness than others; they become more familial 
to the subjects than the less favored figures. An extra-foca! 
glance is sufficient for the perception of such figures, but not foi 
that of unfamiliar figures. As a result the curve does not fal 
off as steeply as it should. However, it is not without value 
and is therefore given. 

The abscissas in the accompanying cut give the difference 
between the point of fixation and the occurrence of the isolatec 
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i\gmc. The ordinntcs ^ivo tho iivorage rntiiip; of moinory for 
the eorrespotuliuK ex|HTinu*nt«. 



It in ovidortt frt»nt th<» that tht* furthor n lUoir** fr<»in 

the foeul p<Kut of vishtii when it in pereeivetl the I*»hh ueeorutely 
it ean he reprodneed, Wheti it in more than a nini^le npnee 
away fnan the f<ienl piiint the ne<airaey of reprodin*tU»n eom- 
meruu^H Hud(i<»nly t** det^reane. 
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4. Thk I’mu/Kss oi‘* Ui'U‘(uiNmnN. 

(a) Antiljlsis of tiu Hj-pt rinn nts, 

Tho ox{H‘riiiU‘iits that ‘aro in this tlunis^h 

tho last to ho iiiontinntMl, woro tho tiiNt to ho inaOo. They aro 
idoutiaal in tiau* a»ul uaturo with thoso nroniod urulor the 
hoadia^ of IVivopthui. Tlu* mot hod is thoro fully <h‘soril)t‘d. 
It was ftumd mns^ssary to piok out nntl trout uudor st^parute 
sections that which our raw material otrere<l tt^ us etmeerning 
perception and reeoj^nition. 

In th(* previiius soeti<uis \\v have fidlowed the prtusvss of 
ahstraetion from its initial sfnifi* tin* hreakinitf up of the j?roup, 
— on through tht* prots^s of pereeivin«jr ufui rememluTinj*: the 
common element. We havt* pielosl out eertaiu fnetoi*H which 
favor and retard tlu* meinory of the eiunnmu element and we 
come now to that mental proet'ss hy which the <'ommt»u element 
is known to have been si‘eu before when it is notiecil nj^:Hin in 
the series. This process is that kmiwn its rei’«>*4nition. It is 
a pr(K*ess which Is distinet ami separate both in reason and in 
time from those that we haw alremly divseribed in our unnlysiH 
of abstraction. The breakin?^ up t»f the i.?r»*up perceptum ami 
memory- arc mon* clivsely relnte<l to one another than to recoil- 
iiitum. The bnmkim^: up td' the ijroup is really an initial staj^c 
of p<‘rception, Kvery tiling perceived is renn*mbered more or 
Im perfectly for a while. Indeed, the subject s memory of 
the fij^rure is the r<*sult t»f the proe*-ss of pere»'pti<im for the 
experiments on memory hy inueo-ry aftd assoi'iatiou have slnnvu 
that mcm<»ry is j:reatly dependent on the way in which the 
fijiCure is perceived. Bnt the r«‘ei»;'nition of the ti^nire is a clis- 
tinct and llnal .sta*4e in the proei*HH of nhstraetion. One need 
not make many experiments to prove that a tiurure may be 
perceived without heinv? recie^ni/etl. This is witneasetl, if wit- 
n(*ss he necmary, hy the !Hu!»j***4s' ri*markink' oeeasionnliy that 
early in the experiment they IumI noi.Ml the ii* 4 ure. which liunlly 
proved to he the common element. At that time, however, it 
<IhI not occur to them that this li^ntre was the common element 
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Thoro is nothing renuirknhle in this. Bat it is s<>m<‘\vhnt 

atraiiK^^ that at tlu^ ehae of tht* t‘xpi*rinu‘nt sahjec^ts \voal<l often 
say that tln^y hatl st»en tlu' fiirure eltvirly, two, tlir(‘t‘ or even 
four tiin(‘s l>(‘rort* they sttipped the apparatus, Thret^ times 
seeinetl in he the usual number. Brnetiee, and striet ortli‘rs not 
to wait, did not stop the oeeurrtuiee of sueh tUhitoriness. This 
waitinjL? may be due to two thin>rs: 

{a) Time is re(|uirt‘d for the subjetd. in resolvt* to sti)p tlie 
apparatus. 

{(>) It often takes an appreeinble interval for the proeess of 
rt*e(i| 4 :nition to develop. 

Tlie first may l»e of importnnee; the Iniier eertaiidy is. For 
in th<» eoui'se of the delay the suhje<*ts seem to have a dawning 
sense that tlu* eleimmt in (piestiou is the eommon element. In 
fact it happtmed one<» that tlie .series eami* to an end while 
the sidyeet s mind was in this twilijjfht state. !I«* shipped tin* 
npimratus ami then laui^hed ami said: “Why. it just oetMu*s 
to me that a fii^ure I have in mind was undmibtedly the etunmtm 
elenumt.” Tln‘r<* were several other oeeurreaet^s iif tin* sanu* 
natun*. It seems <*vitlent. thend’ore, that in abstrnetion there 
is a proee,ss of reeoKniti<»n distinet from the Imrt* pereeption of 
the eommon element. Furthermore, this proeess of reeof^nition 
may take an appreeinble time for <lt*velopment. 

We should expert to find in the |>roee,sH of ahsirneihiu a two> 
fohl development, the develtipmeni of pereeption ami the d**veb 
opment of nusi^fuition. As then* are stnires in the pr<»eess of 
pereeption s<i th<»re should be sini;res in tlu» proeess (»f reeovcnition. 

What. then, is to l>e «b*vebtped in the pnieess of reet>j^nition t 
From the experiments of this seidion it is evhlent that reeo«.i: 
nition involves somethiui? that pereeptitm does not involve, 
namely, the element of eertuinty or nneertainty. Fertniuty 
that the (i$,nire has been seen before is what is dawning upon 
the Huhj<*et in that state before his mind is fully matle up. 

If the proei*Hs of pt»reeptitm w<»re always eomptidisl before 
that of reeo^nition la‘M:an. our task would be a very simple one. 
We should have but to utld to tin* stnvtes uf pereeption the various 
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degrees through which the Hubji‘et giu^s iu nrriviug nt complete 
certainty, the different shades of prtdmhility up U\ unhesitating 
assent. Hut only by aceiih^nt is the proeess peret‘ptum com- 
plete before recognition begins. What hnppt»ns is that almost 
any <legn*e of thi‘ certainty <if reeognititui may ciH»xist with any 
degree of the perfection of perceptii>n. Arul this we shall 
attempt to bring <»ut in tin* arrangement of our results below. 
Three maiti ptunts are piekeit tint in tin* devehipment of 
certainty ; 

The intimati(m of a common element. At the end of an 
experiment the suhjeets were askt»d to givi» a di*seription of 
their mental state during th** experiment, T!ie lii'st stage was 
a kind of inkling that a eomnmn element might Is* pri»mmt. 
This stage I have designHtt*d ais (Ij an Intimation, It is a 
state of very weak pr(»lmbility ami is sometnmw due h» the 
pre.sence of similar figures. A m<*re utlvaneed stagi* I have 
designatisl as (2^ Hnjtmbiiity, mid the tiiinl stage as (II) CVr- 
tainty. Thest* ttivisious tif eoui*se are arlutrary and Ihuv into 
<?nch other. 

With this explanation the various headings giviui iM huv will 
Ih» un<h‘rstt>od. The numerals in the parentheses show wduit 
figur«» was used ns tin* eoimmm element in tfie experiment in 
question.*^' This wilt enable any one in set* bir himself to what 
extent the imperfect inn of pt'reeptiiUi was ilue t«» the eoiuplexity 
of the figure. Jn somt* easf*s at leii.st the eiifuplexity of the tigurc 
must have Ihsui a minor factor. The final state <if full recog- 
nition with certainty <tf th** fact and a ptU’feet id»*a td’ the form 
has not Ihsui put down in the following enumeration of the 
HtHgt‘s of recognition. It w'a.s th** mor** eommon termination <if 
the experimeulH and occurred with all nubjeets, 

lu onler to give a m<»re emnpleie idea of the subje4d *s mind 
his remarks have 1 ms*u oeeasionally fraiiHerilH*d and referred to 
by indices at the right t»f the iiund«*rs whieh tlesiguate the 
(Simmon element i»f the experiment These remarks of the 
subjects, better than any deseriptioii. give an idea of the eouriM} 
of development. 

tftCf. Fig. I, p. UH. 
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It mnnn‘(l nnywhi‘n> from about five to twenty-five exposures 
for the 8ul)jeet to fiiul the eomiiiou element. During all these 
exposures the proeess of nbstraetion was in a state of growth 
ami (levt'lopment. Its stuKes wer<» at first aseertaituHl only by 
the subjiH^t H nu*mory of what oeeurrtnl <lurin}r the experiment. 
Wouhl it not b<‘ possible to ^^et a tUreet obs<Tvation of these 
stHf^es by euttiny: the i‘xpt»rim<‘nt short, thus j^riving fewer ex- 
posures than the subject <»r(Unarily re(|uin‘<l? At the end of 
the exiu^riimait the sut>ji‘et would not have finish(‘d the process 
of abstraetion ; he would not have to recall as well as he covdd 
by memory the staKes he had notieetl in the development of 
e(jm|)lete eertainty. lie wtutlil simply have to describe by direct 
intnispection his state <if mind which would be, at the very 
nuinient, in some om* of those stages of <b*velopment. 

Simpb* as the experiment seemt‘tl, it was numt tantali/.injr to 
carry <ait. S<»metimes the subject arriv<*d at comph^te certainty 
bef(»re the shortenetl serit»H came to an end. Homeiinu‘H the 
process of abstractbui seemed not t<» hnv(* eommemsHl at nil, 
and the subjeet’s mimi was in a state <»r ne^^ative doubt.**‘ l^y 
persistent 4dT<jrt, h<nvever, the vari<mH stages were, confirmed, 
not all, however, with all stdijisds. The time rn'cessary for this 
would have been excessive, iltiwever, a stiflieient number of 
(•(mflrmations of the previous results t»f memory w<‘re obtained 
to make it evitleni that the staj^es of development so obtained 
wert* no delusitms but states <if mind that actually occurred, 
Th<*se ciuifinuntory exp<*riments are mit(‘d an(I(*r the same 
division ns the previous om*s wherever they were obtained. The 
words **ctmflrmed by'’ precede the numlwrs that refer to the 
ctunmon element of the slmrtened Sf‘rieH. 


Hy t iiiettii u uf miiul in wlttt’h the' knows 

of no oviUrm’#' oithi^r for or uaainist h |»ro|Kmition, In this caso the propo- 
sition wotUtl bo: A common element is present on this disk. Positive 
«l(mbt would <»eeur if one were niitvetl etptiiliy liy tlie known evhience for 
and that naninst u ^iven prtfpositton. 
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Tin SItujt s of lit cotjniiitni, 

St luiiu'r Hk. 

L All iiitimutiuii uf u ftuiiiaMii wit hunt nny kuowUuljjti of 

form. 

(4. u) (II. in (7. 10) (u, 10) (i:». U) (O. lO) (ir. lu (Ui. u)*(u, 

M). 

It. Pnitmlnlity tlnit a roiumou in tmt tin im|i#»rfi»ct 

i»f tho form. 

(:i, lU* (17. U). 

t.y (Uk 12) (0, 0) i I. 0). 

• Swt»im*l knrw at first lhal a »*»ir%»4 fijinrin waii 

lU. Prohaliility timt a t'oiuiuMn ifi pra«oiit, aiui a trm» UUm of 

itfi form. 

(Vmflrmml hy (to, 10) {UK 10). 

IV\ i'Oftiiiitty that a romistoii ih |»r«ou'iit. Imt uii uloa 

of form. 

(to. ID* (l.^, 12ir (‘J. ID (to. 10) lU. 13) i 1. 11)5 iir*. 13) (H, 13). 
(9, 11). 

* Hut) in* I I'Mnil.l u .1 iu»ir« aI atl. t»ut was i tPtlatn ihal a mmimim 

Wait |.ri^s«n(( 

f Wan t'lfrl »ju that lfi« rtssur*! a|.|>«‘4*r<*ut a»i%»iral ((iimn, amt thitl It 

w«« rinl iin»> *»( itn" unlmarji ij«njmt»iro*Al l\»(ur«» 

I t}|«i ut tfiw tini aMn !.» fiml (I in iHn tnfilit 0( 

(igur*in. 

of tho Hubjot*t to tltnlvH with tin mmumn 

( D N»»t i’nrtuiii of any rMinittMii «’|omoi»t, Miit tto *lr*'w n llifuro whkh 
mt^ht jiorhn|*?t linvit immrnMft. U wan an iifirntt^^tmattoti *if ftovomt 

liuttiinr wliirh hmt m’«*itrr»n| on tho ♦Isni. . 

( 2 ) NVj(iittvi» itouht. 

(3) Ni*KUtivo tlMiit'l. 

(4) N«^g»ttv«» ilouht. 

(*1) Nilgai iv«? Ointlir. 

(0) ttmtinatioM t*» lo4sovi’ «4«oi)oftt whh 

(7) Vt’ry If furrinl tit ttur wuv mt tho iithor would 

fiiiy that a ooitimoa «»loinrf»l wa^ |tr»**t«oit, 

(H) Mori* |»robahty ua cufitmoit «4*otiroit wan |*rtvn*int. 

(9) I’robubly a mimtmiti «'t«m»oii wan |.r»’n*'nt Snl»i«n't dr^w afi thfi 

common olomotit a (Iguri* which wan a *»f iw** mmilar tlgurcfi 

that occurred on throe diith^. 

(10) l^trha|ot a common idtoneia wn.it 
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aitiuE<’T nr.. 

1. An intimatitin of a (‘oinmoii olotnont, without any knowlodgo of ita 
form. 

(7, 10)-(I.'5, 11)-(I7, 13)» (17, 7). 

(Oonflrmod in two oaHoa, Imt nofrloctcd to noto what figuro waa uaod.) 

* Subjt'ct wiitl h«' wtt* ct'rtftln that ft»r a tinu' ht' kn«'w a commtm 

ftltunt'ut wiiH What thia <*otiini<)n <*Uunt«iU waa rt^inairuui aubctinacUMia. 

IT, I^n^bability that a t*timmon is* pnw^nt, but aa impbrfm*t ul«a 

(if itH furin, 

(4, 14)"*(Uh 7)t (17, 8) (Ifs 10). 

(lonflrmt'd by (.1, 9). 

♦ Thiiuifht tor a t\mt^ that a dark ajHit wuuW turn out tti lir th<i romman 

ob^mt^nt, a« it nrtualty did. 

t Th(» aubj«*ft wna at ftrat (uninchiua tif a rUmdy ftaki', whit^h aftvrwarda 
cl««armt up. 

III. (Vrtaiuty that a (Mimimui (’b'lmuit in but an imp«*rf(*t*t idini 

of itH form. 

(5, 12)* (Id, 0)t (14. 10) (S. 10) (Id. 6) (10, 7) (0, U). 

(\mrtnno(l liy (7, 12). 

• Th«* Hubjirt t«dt (’lUiaiduuM at a in tha <»f thi* OKurt^n, and 

(dnaaitb'd th«Mu (nt«t and amaU. At a I'l^rtain iii'rhid in th«^ «*)t|»(iriim*nt 

ht* kn««w that thn rnmnnni «d««mi«fit wa>i nut itati of tho iarvor diruroa, 

t Tho wulijool know fur a timo that tho (‘uininon rtoniont waa nomo kind of 
an un|doa»nnt unM>iinnoCrU'at Aicuro. 

Uont’tidii (»f thi‘ Htibjotd t<» tllskn witii nt» eomniitn oltnaont: 

(1) Hubjort Htojipod tho H{i{iaratuH nftor tw'onty four ox|n»Hltit»nH tind 
Huid that ho luitiood tto ouMirtg of htH tunh an th(^ okporiuuutt iirorondnd, 
Whon a ctmimon *domout in firoHoiit hn not icon that tho prot^nHH of |n*r 
coption bocomoB oaaior aw tho oxporimiud prin’oodH, 

(2) Nothing aotinl, 

(2) NiithiuK aotinl. 

(4) Not <*ortain that no commoit oloiuont wan pr*'Mo«t, 

(H) Not (piito (’ortaiii that ao (^ofutaou idomoiit wan proHoat. 

(0) AlauiHt ('ortaiti that ao cotuKtoti olomoat wan pr(»Hoat. 

(7) Moro probably an roiniaoa obuiioat prowoat. 

(H) Abnoluto iadotUHioa. 

(9) Indotoriaiaato, 


1. Aa iatitantifia of a (‘omaioa olrmoat, without aay Unowlodji(o of it« 
fortn, 

TIuh htago WHH not fouad with thin nubj^’ot. 
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IL Prolmhility thut u comimm olomout in Imt nii imjutrfi'et idea 

of itH form. 

(Im 10)-(10, 16) (K IS) {tl 0)t (4, d)t iUh 8). 

* fi»r tt wh«’th«»r «»r n«t a hlnrml aoi'u «ut t»f fuottl 

viiiiun wnH t<t turn tmt tt> th«t iuininuu rlMtui'tU 

t Subjt^'t cuuUl tb'jit-riU' th»« ftijur*' an !iym»n»'trtt'at aittt nval at <mo «»nti and 
ituid tthi* had a visual iiuajj** of iC; hut kuow Chat this visual imai^o was 
iiU'ornM't. 

{ I'rohahly a funny litllo ttituro nuiiul at «»no ond, with ono Uno coming 
to a {uunt. 

III. (Vrtainty that a commtm oU'tuoiit ijt uroHout. hut an imporfoet idea 
of rtH form, 

(10, 12)-(I0, 16) (ir», 12) (iri. 6). 

Rea(?tion of tho HuhjiH*! to cliskH with no tMuiiiuon 

(1) Nut mvro that m» e‘»mmou tdomont wan |iroM#»ut. 

(2) Poswibly a tall, jdondor tljfuro wuh rho tnuumon idomout. 

(3) Blij<ht probability of a common olcmont. 

(4) Tliinka im common olomont wa?i prcHcut. 

HriMKfT Kh. 

I. An intimation of a common clcmout, without any kntmbul^o of iu 
form. 

(13, 16)*-(16, 16) (15, U) (15, UH (13. IIV(17, I5)t (6. 12) (U), 13). 
(4, 13) (17, 10)r(l7, 13)11 (M, 131, 

(‘on firmed by (7, 13). 

• At end uf es(u«rimenc autijeri di«*w dguri^ and aaid he waa nerfeoUy 

Cf'Ctaiu that it was the mmmon elriitwnt hrfiirtt he arrivnd at certainty 

he had a vague ferling that kind i>f a eummoti eti^ment waa preaent. 

Imtcr he knew th^it it waa changing {iomUiun 

t **?luera( ein unt)eattmintea tiefuhl. ohne tihject, aehr vag " 

t At drat a general itruhatoUt}! 

(I "tnerenaing feeling «f |>r«diahihiy. witluiut cuntenia/’ waa an early ataga 
in tnia eas*eriinent. 

IL Probability that u common clomout in present, but an imporfoct id«a 
of it« f<irm. 

(15, 11)*. (4. 13)t (13, U). 

(lottfirmtul )>y (HI. 13). 

* The aubjecl had al Aral a feeling that {ir*ihahl> a curved Agure waa the 
ccmtmnn element. 

t A feeling that the rumnirm element might h« a Agufe limited hy atralght 
Hnea. 

IIL Probability that a c«imm«m oloment ia proa«oii, an*l a true icloa of 
itH form. 

Thin Htaj<c wau found with subject Kr in tho nf cuntlrmatioa 

cxporimontH with (Ml, Hj.* 

• The image of the Agure came to him only after the eiperlment waa ovar, 
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IV. Oortainty that a eomimui in proHout, but an imporfoot idea 

of its form. 

(8, 12) (U», 12)-(17. 11). 

Run<di()n of the subjoot to dusks with no (‘onuiKui olouu^nt: 

(1) irm*t*rtainty, 

(2) t’oinploto uncertainty, 

(;i) Thinks no common etement present. 

(4) In first part of experi»nent a very weak feelinj^ of pndmbiUty 
that a eommon element was present. Uunuj^ about three f(mrths t>f the 
experiment, an ever inereasinj^ probability that n<» eommon element was 
present, 

(5) t’ertainty after exposiiitms that no e<»mm»>n element was 
present, 

(0) Very probably n<i eommon element. 


iSututu Y .Mo. 

I, An intimation of a eiunmon element, without any knowledge of its 
fttrrn. 

(8, 12) (H. 12) (la. 12) (<l, 12) Cb 13) (H, 1Q)» (12, 14) (10, 12). 

* Ttu’re wm s tlrwt uf vmtue iir*»tmhiUty felh»wed t»y a hlank. anti 

tU«*« ft rtiiiuK i‘fi»titttoltty actnnttjiattOnt st nr»t t<y tut ttuAuitu imtiice, 

n, Probability that a iMunmon element is present, but an imperfect idea 
of its form, 

(14, 10)- (14, 10)1 (12, 14) (10, 12) (7. 12). t 

* 'Thur*'* wftM ft time whun t thuui{ht tn myiiutf, *U is n puintutt flicuru,' " 
t *'At ArHt I tUoutsht sit ottun kind of Aguro wouUt tut ^reseat,*' 

t Thuru WAN n lititu wtu^n a ntrotiK nrohuttiUty AtmtOiud ies^tf to Home kitul 
of tt fiKuro with ntt fut out. 

III. Probability that a ctimmou element is present, and a true idea of 

its form. 

(12, 13) (2, 16)- (4, 12) (14. U) (I, 13). 

* **Thoro w«« A olottrty tttMrkud jKirioii of douht durina whit'h I fhoujfht 
tUttt a trittiucol»r ilaur^ wah h«iua 

IV. (•ertainty that a common element is present, but an imperfect idea 

<»f its ftirm. 

(4, S).‘ 

* **Por n pHrt of thU uxtutrimont t know n Agurt* wan i^riojc roncAtuti. hut 
I could not cAlcU it, { hod very llltlo or no IdcA of On form ** 

ReaetitJU tiF the Hiihjtud. U> tlisks with no eomnnin eh*ment: 

(1) A Weak pMbability that Some lund of a common element is 
present. 
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(2) A faint jirobaliility <>f a euinmnn «*l«'uu‘ut with cut out angles. 

(A eonfu.'*u»!i of Hovt^nil ^ 

(li) Fuint prt>lmbility <if u t*iinimt»n 
(4) Js^iiw Rothinj^. 

(s')) Vory sHj^ht probability tif a common olomont, 

(()) Huro that no t'ommon olomcut whh pri*j*ont. 

(7) Very wojik prolmbiUty of a common element. 

(8) NcKHtivo doubt. 

(9) Negative doubt. 

(10) Probably no common element present. 

(11) Probably no common element pri'Hent. 

Hvmm't It 

I, An intimation of a common element present, wulmut any knowledge 

of ita form. 

ThtH etage not to t»o found with thi»< sutyect. 

II. 1‘robubility that a common element im preMenf, but an imperfect idea 

of it» fiirm. 

(12. 14)*d2. e)? (Kl, 11) (in. lf)K 

• Th«' itti’ft of t)kn »t tonirt iiiiino firisi , tho duiuaUt thnt It 

Wii« (blT««rt't)t » h*'i»rf 

t MtUiml ut ttrjjt ibo outor {iMtutTi. 

ill. l*robabil»ty that a comnnin eloment in pre^omt, and a true itiea of 
its form. 

(lb 10). 

1V\ t'ertninty that n common element im preMont. but an imperfect idea 
of itH form. 

(i:b 12)» (H. 11) (1. U) (2. 6) t2. 13). r 

• ih*’ Ap{*itrAtn« WAm A«rr of th»< form. Tb^ro 

WAA « tiiiio ill tbo rktHirimrtil wh»’n tho kii*»w Omt Aainn acrure was 

hi'tnit r*'(fOAtc<l, tint doi not kuow junt wbnt nito n wad, 

t Haw fiffortN muni <>« rApifAimtn »h«t kmtw thftt the Aauri) 

hAd tmlfitii Aiol thnt wa« aU 

IU‘H(di<m (if the subject to <lisks with oo t‘om»ioii eleuu*ut: 

(1) Nothing noted. 

(2) No intimation of n common elem«»nt, 

(3) Probably a common element repented. 

(4) Negative doubt. 

(3) Thiiikn no common element present. 

(6) Almost »nre that no common idement was present, 

(7) Thinks wo comimm element present. 
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HuiuKtur W. 

I. An intimntinn of n eomnuiu oiomont, withtuit any knowlod^o of its 
form. 

(2, 3)-(4, 12)* (17, 13) (17, 12)t-(17, 13). $ 

C(»n(lrmod l>y (13, 15) (3, 6). 

* Niont^thiuK ohiuiKtiin; itx {uittitiuu ht^ oouUl mtik«« out 

itK Hhupo. 

t Sulijt'rt wuK t*tuin»‘iuuH of ft otuuimul olmout wU nlonje, l»ut tiitl m»t know 
whftt it wuH. 

^ H«hj*‘ot nfti<l tio wftH t»f ii I'ommttn oU*mont hvfurtt *'rt»ally 

wiiH ono pri'ftiuit.'* 

ir. rrolmbility that u oomtiion olomont ia proaont, but nn imporfot^t uloii 
of itH fi>rm. 

(H, 14)-(S, 12). 

<’onfirm«*<l by (lo, 12).* 

* thiukii thiit ft cMfumutt of iuiKutftr form wftn pruttfthty {h« 

tlKur*’. 

UI. rmbabiiity that n olonoutt in proHont, and u truo idon of 

itH form. 

(4, 13). 

IV^ (Vrtniuty that u vuimmni oliMuoiif is prowcuit, but nil imporfo<’t i«loH 
of itH ft»rm. 

(0, 10) (13, 14) (3, m tl. UU. 

(\mdrm<*<l by (I t, 13)* |3, 9).t 

* noto'rtt ttml f.ol«‘d away vt«ry rntodly. 

t h}iw It thtiig AUK^v^ntoiK two itittl kovw thitt ii win* 

Ai I'nil of utM'ftt (toih ho rtiuld »u»t di’ftw it. fli** 

hud ft "fooliUK that it wua iht^ro hoforo ho »s»w il.'* 

R(»nctitm t»f tlu* Kuhjoot tti <iisks with lui tMumnon oloiurut: 

(1) Hoi^s nothinjf. 

(3) 'riiiiikH nono ntoudutfly ntiko. 

(3) No)^utivo dtmlit. 


Hi tUKi T 

1, An intimntitui of n oomnoui idomotit, witlmut ntiy Ktoiwloiljijo itf itx 
form. 

(H, 12)* (Kl. U) (S, 13, (4, H)t (3, tut (Ui, 0){ Cl, 0) (3. 13), i{ 
Oonflrm«<l by (15, 14) in two ditforont oxju'rimoiitH, 

* At tirnt if t*» th** fe«hi»*<‘f am if a rtmunoyi t lrmont waa 

Thru to" Uiokf^ft h«''ro nud thrtr i** And iC, 

t At flrat thi’fo wuw an tthuirnt'l tt^Uitg «f «’omtfuin. 

t l^irut foittid Mrimrthinie rummon ftitd 

{| At ArAl thrr«i waa ao itidt^finitr rtfttAriuuAiirAA ut A(Ott«dhiftic rAtu^Atinir itmdf. 
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!l. Certainty that a otintHum in jtr»*aottl, withimt, any knowledge 

of it« form. 

(a, XI). 

nr. rrohability that n ooxum*»n »*h»mout but an im|H^rfoet idea 

tif itH form. 

ThiH Htujjo in not to bo found in tho rotmrdji of thi?4 aubjoot, 

IV, rrt»lmbitity that a common obuuont U proHout. ami a true uim of its 

form, 

(L\ X3)d^ 12) (Ub XO). 

hy (Uh 13) (10. X2). 

V, (Certainty that a tlguro ia Iwnng ro|a^atod, tmt an im|wrfiH3t Itbm of its 

form. 

(7. X2)dl3a IX)* (17. 14). 

* OubitH't kn«*w itiAt iHtft «*«tininMU U»4 Minurthiof round In th* 

middle. 

Tho uUHiTVfitiuUH of thin Huhjoxd nro intort'sting: 

(a) is im» tirui* U» vimipim* tu»*» ftgun* with nnother. 
or <mo impr«*ssMiu with a {irfviims improssunt. ** 

(b) Whim It ligun^ tisiHi iw h ootunmn which the 

Hultjoct htttl not scon Ind’iiro, it goniTully happenuti that at first 
ho notiml somidhiug nuw nrui thi»n a himsuhI fignro. 

(r) The perception uf the ct»mtn<»n eleitirnt has n temhmey 
to oi)lit<*ntte the images of the other figures. Before peretnving 
the common element m eomimm. the images of seviTal figures 
that have just piwhihI hy float alwmt in the miml. When the 
common elemi*nt is pt*rei*iviHl as sueh. they vanish at once. 

Reaction of the suhjis*t to tlisks with no common element; 

(1) Hto|m H|»paratiot aft«r nine and «ay« he is perfectly 

certain that no ^gure in repeated in each goutp. 

(2) After nine ex{K»»ures the subject was eertion that no commoa 
element wa» present, 

(3) Hubjeet thinkn that a figure (i, H) might ptutaibly have been 
r0SHmtet|. He drew it corrmdly abmg with amdher figure ; which two 
figurea were drawn when he wm rfH|ue.sted t« repruduce i^mythinf^ be 
could remember ai having been seen. This almt happened with (17, X5). 

(4) No intimation of any figure having lieejj re|e^ttte»l, 

(5) No intimation of any figure having been re|onated. 

(fi) Thinks that there was n« common tdement, 
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(7) Stiito of noj?Htivo doubt, 

(8) Almost oortaiu that no common olomont was proaont. 

(9) Nogativo doubt. 

(10) Thinks that no common oltunont was prcsont. 

(11) Hubjoct thought sovoral times that a comnu>n olomont was 
present Then thorn camo an ever iacronsing certainty that none was 
present, and at the end of the series he w'as certain that there was no 
common element- 

Another ixitemstiiig Hinge with this subjt'et is that in which 
the figure on Ixung first notieoil is reeegni/.ed as fnmilinr. By 
the word fnniilinr, it is not meant that he luul seen it l)et*ore on 
other disks hut that it <s)nu‘s into foeal eonseiousness vvitli a 
peculiar nuance which tidls tht‘ suhjeet tliat this is th<^ eotumon 
element. It s<M»ins that this tone of familiarity {Hekanntheilit-' 
qiialitUt) arises from tlu* figure’s being .seen btdore but not 
analyzed out from the other figun^s. 

The subject whose results are ab<mt to be reeounttHl eoultl 
give by introspeetiem at the eml <if the experiment no infor- 
mation at all alumt iht^ <levelt>pment of the mental proeess 
he ha<l just experb»n<u»d. When later on in the semester 
I eomrneneed tt» eonfhnu the results of Helf-ol)s<‘rvatiou, I tried 
the same method wdth this subject. I tnit tht^ experiment short 
after he had sism fifteen groups of figun»s and then asked him 
simply: **What tlo you think! Is there a eommon elem«*nt 
pr(‘H<mt or not? Are y<m certain or merely inclined more or 
less to think that y<m see a common element? Draw what you 
remember!*’ In this way was obtained what the subject’s 
introspective memory failed to reveal. (’ross-Hi*ctions were 
obtained in tin* cotxrse of <levt*Iopmeut and fixed Indore they 
could fadt^ from mt*mory. 

HiniJKtfT IK 

I. An intimntion of a common element, without any km*wlt»ilgc of its 

form. 

(5, 12). (7, 13) (10, 9) (10, 12). 

II. l^robability that a c<»mmon cUmnuit is proKcnt, but an imperfect idea 

of itH form. 

(2, 6) (17, 15) (10, 13) (1. 9) (2, 12). 
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11 L rrobability that a is pn'sont, ami a true idoa of its 

form. 

Thi» Ktagc wa« not fouml with thin s^utijoot. 

IV. (\'^rtnlnty that a common olomont is proHont. but un imperfect idea 
of itrt form, 

(10, 7). (4, 10)-(10. 6)* (.^ m. 

* CVrtftin tjnly that h*« had th*» "two oyoa" ro**»r. 

Reaction of the Huhjoot to ilinka with ru* ctomuon olemoiit; 

(i) No idea of any ctunmon element at the end of the experiment. 

(I') No i<lea of any common element at the end i»f the experiment. 

(II) Complete uncertainty at end of experiment. 

(4) No idea of any ctimmoii element at the *m<l of the experiment. 

(5) No common element mded. 

(li) Init riintaliun of the lit suits. 

(i) Tiir. l^MXiiUTK KxemMr.NT.vi. 

When we Inak at these resitlts it lu'etiiueH at t»aee apparent 
that an element of et*rtainty and unt*ertainty Is involvtsi in the 
pr«ee.sH nf reeoy:nitit>n. If w** n.sk nnrselves wliat this means 
we must say that wheitever the mind is eertain tif anything, 
it a.ssents; ami whenever we !iav«* an nssetit we have an net of 
judgment. On<* <»f the imme<liate empirieal (s»m*lusi(inH nf our 
rt*HultH may he stated thus; Th* pnH'tss nf n t-ognition involves 
an element of certainty or unet rtniniy. 

From this we may etmeluile; That th* pronss of recognition 
itvvolves a judgment or a suspemled judgmt nt. For whenever 
I am certain I uasent; and whenever my mind is in a state of 
uneertainty, assent is Husp»*ndtHl, Itt thf* one <mse tht*re is a 
jiulfftnent; in the other, juiltfment is suspended. It is not 
neec*H.sary that this judk'ment slandd he furmulated in so many 
wortLs. In fact, one may ventur*’ to say that in m<mt eases of 
perfect n»eo|fnition tluTe is no verbal formulation of the judg- 
ment nt all; hut th«» psyehoIif«:ieaI net ttf judkdrm: is neverthrdess 
really and truly present. 

The pnwnee of n judk'm«-nt in the net tif retsij^nition provf*H 
that the act of perception whieh «loes md involve a jutlK»icnt is 
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an essentially tUttVrent ami less hi}4:hly developed mental state. 
Eeoo^nition is indeed a percept iom atid over and above this a 
jud}i:m(‘nt is passtHl ui>on the perception. Tliis jiidtj;meut in- 
volves the stntenu'nt that what is now [)er(‘.eived has been per- 
ceived be lore. If reco<4:nition is iticon)iplt‘te tlu* judt!;ment lump? 
in suspense and canmit be tletinitely passt*d. 

In th<* further stmly td’ recognition wt* have only to ask our- 
selves, what is the baisis of this jud^^'uumtf Do the experiments 
help us out? 

If we run thnuiirh tin* results we will liml that any tlcj^rree 
of certainty may bt» acc<»m{mnit*<l by any d(»K^n*<* of the perfection 
of percepti<Hi, A p<»rs<in can be ctudain that a fii^ure was re- 
pent'd ami have a perfect imap* of the tijjfure, or an imperfect 
imap^, or no imam* at all. A seeoml empiri<*nl conclusion may 
be stab'tl thus: Assort nenttoition is not dcpemlent upon per- 
fect perception. And why this statement? Hirnply bt*c»ause it 
is an empirical fact tluit assured rct*i»muti<»n can exist with a 
very impt»rft*ct peref*ption, a p 4 »rcejitiotii that is so imperfect 
that it involv<'s no mental imam* whafstH*ver.*^ 

While indee<l \\c hnv<* tiai bmml out. as yet, on what the 
jmlmnent of re<»ojj:ruti(m dcpcmls, we have at b*ast (iisctwered 
sonadhinK on whi<*h it <i<H*s tiot <lepf*nd. And that is the rmuital 
imam*« This snOh'es finally to disp<«^e <»r one tlieory of reeom 
nition, now generally rejeeietl by psyeludojkdsts the theory, 
numt‘ly. that re<*oi»’niti<in is broui4:ht nlsait by th»* <*ompiiris<»n 
of the pr(*s<*nt sensati<m with a reviveil mental imam*, bleatity 
bein|;j: pereeived, the objcet seen is then rec<i$^^niv;e<L That .sm*h 
a com()arison of imam’S is unnecessary apjamrs from the ex- 
periments. Why? Ihsmuse reeomution tak(*s plaee m^t <mly 
when there is no reviv(*d mental imaiire of the past pereeption, 
l>ut when the pn*sent p<»rception itself is too imfierfect to leavt* 
any trace of mental imam*ry in the miml. Uet^omution, how- 
ever, may take pbus* by a coiiipnrison of mental imap'S, In 
puicral the rajudity of suceeeilin^ impressions mmh* this an 
impossible, or at least a very awkward, proct^ss, It tm<»e hap- 

ulso nheve, p|». tltt lllO. 
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pened, however, that a subject reported that she had used just 
this method in arriving at certainty of recognition. On thinking 
that she had seen a certain figure twice, she tried to call up 
the previous image that she had in mind as identical with the 
figure just seen, and institute a comparison between the two 
images. However we must note that recognition was already 
in the probable stage when this was done. And the comparison 
that was attempted was after all only an auxiliary method. 

The comparison of images, therefore, may come in as an aid, 
but it is not necessary to recognition nor is it the normal method. 
One might object to the use of the word ‘normaP here as 
carrying us beyond the limits of legitimate deduction. Was 
not the rapidity with which the exposures succeeded one another 
expressly chosen to exclude the possibility of comparing mental 
images ? That is true, and our experiments prove only that the 
comparison of mental images is not necessary in the process of 
recognition. As to its being the normal method, we can from 
our own experiments only conjecture. But there are other 
experiments along this line. I refer to those on the recognition 
of the identity of time intervals, tones, etc. When a subject 
listens to two raps separated by a short interval, and then, after 
a period of waiting, hears two more raps, how is it that he 
recognizes that the second two raps mark off an interval of 
time equal to that of the first? Does he really compare some 
kind of mental images of the two time intervals? It would 
seem from the experimental research on this point, that he 
does not.^® 

Professor Frank Angell has made it abundantly clear that 
the recognition of tones does not depend on a comparison of 
mental images. In his study of the ^‘Discrimination of Clangs 
for Different Intervals of Time,” he arrived at the following 
results : 

“The main conclusion to be drawn from the distraction 
experiments is that judgments of tone discriminations can take 
place, and in the majority of our experiments did take place, 

18 Cf. "Wundt, Physiologische JPsycJiologie, m, 5, 476-517. 



1910] 


Muorc: The Process of Abstraction. 


175 


without coii8ci<ui8 ooiiipuriHun botweon the present sensation and 
a inemory-ima}?e of a past stuisation. When, for example, a 
reafrent, after a long time-interval filled with interesting reading, 
from which he hatl to lx* practically aroused by a sharp signal 
in onlcr to pn*pan‘ himself f<tr the apprehension of the second 
tone, nevertheless delivt‘re<l a jiulgnu'nt with a feeling of con- 
siderable security, it is idh‘ to speak of “memory-images” or 
indeed of comparison in the ordinary meaning of the word. 
Or when a reagent, after having accurately diacrlminate<l six 
pairs of tom's, decided with ejise that a tone just given is like 
or unlike a tone 4 vibrations higlwr or lower sountled 60 seconds 
before, ami is ct»rrect in tlu*8e tlecisions 60 times in 100, it is 
evident that the tirtlinnry thet>ri«‘s «if tone-comparisons need 
readjustment. 

“No nuiri* is it explicable on the theory of m<'mory compar- 
ison that there shouhl not have Ims'Ii a great increase in doubtful 
judgments in passing from tnulistracted to distrachfd discrimi- 
nation, or imlee<l in failun'S to ju<lg<^ at all, or that the several 
forms <if distrnetiitn slmuhl not have shown a far greater dif- 
ferene<‘ in effeet than was atdually the case,”*" 

In the light, then, <tf <mr I'Xiteriments, and also those on the 
nwognition of vari<fus sens<try stimuli, it is n<tt too much to say 
that the comparison of mental imagi’s is m)t th<* normal metluxl 
of rec<»gniti<in. 

Humming up, then, the comdusions that we may regard ns 
tfstablislnsl by tlm experiments «)f this section we may stahe 

A. The proe«'8K <tf recognition involv<w an elemimt tif cer- 
Uinty or uncertainty. From this follows; 

7’hc process of recoijnition involves a judi/ment or a suspended 
judijment. 

U, (lertain re<stgniti<»n is not dependent on p<'rf<*ct perc«*p- 
tion. From this it was sii'n to follow that: 

A comparison of mental images is not necessary to the process 
of reeoynition, 

i» 'ifimer'. Jmrn. Psyrhol, Vi, tllOO lttOl, p, 69, 
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An empirical fact rather than a conclusion from these exper- 
iments is stated in the following proposition : 

Certain recognition can take place without the formation of 
any mental image of the thing that is recognized,^^ 

(ii) The Basis op Judgment in Recognition. 

When we are asked to give an account of the real basis of 
judgment in recognition we naturally ask, how is the object that 
is recognized remembered? The factors of memory, one might 
suppose, are active to a large extent in the process of recognition. 
We are naturally concerned with the factors which enabled the 
subjects to memorize the figures used in our experiments which 
represented rather complex conditions. It cannot be taken for 
granted that the basis of recognition is the same for simple 
sensations and complex perceptions. In fact it is rather likely 
that what serves as our cue in one case does not meet the de- 
mands of another, that what is the chief basis of recognition 
of a simple tone may become a very minor factor in the recog- 
nition of a time-interval. And what is prominent in recog- 
nizing a time-interval may become subordinate in the recognition 
of a street or a house as places where one has been before. On 
this account it is desirable to take for experiment such complex 
material as our figures, in order to see if any factors enter into 
the process of recognition that have not been noticed in the 
usual experiments on time-intervals, colors, tones, etc. 

The process by which the figures are remembered should 
give us some clue to the method used in their recognition. In 
the section entitled, ‘'The Factor of Memory in the Process of 
Abstraction'' (p. 139), we compared memory by visualization 
and by motor imagery, with memory by association and 
analysis. A marked advantage was found in favor of the 
latter. Memory by association consisted in relating the 
figure to known objects, or analyzing it and thus relating it to 
certain mental categories. These mental categories are the 

20 This conclusion is based in great part upon the experiments given on 
pp. 134 ff. 
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bonds which hold the figure in place and make possible its recall 
when it has left the field of consciousness. In fact, it seems 
that if all the conceptual ties could be cut, or be lacking from 
the beginning, the figure would fade away completely and recall 
would be impossible. We find also that, in the process of per- 
ception, the essential element is not the formation of a visual 
image but the relating of the object perceived to one or more 
mental categories. Nor must we regard this relating of the 
impression of an object to its categories as a manipulation of 
separate and distinct psychical entities. It is rather what 
Wundt would call an assimilation. The sensation and the gen- 
eral concepts form a psychical compound which differs from 
its elements and is a new mental product. What are the 
elements of this compound? Wundt speaks of the feelings 
involved, especially that of familiarity, the sensation and the 
images to which it is assimilated. But we may question the 
completeness of this analysis. 

There seems to be something that is not included therein 
and that something lies in the mental categories that couple the] 
perception of the object to the train of memory. These, the! 
essential elements of assimilation in perception, are also the 
elements par excellence of recognition. An assimilation does 
take place, and on the basis of our experiments on memory and 
the analysis of perception we may venture to say that the chief 
elements of assimilation are the concepts to which the sensations 
are assimilated in the process of perception. When the figure 
is seen it is at once assimilated to certain mental categories; 
it is regarded as made of straight or curved lines ; it has elements 
that curve ; it is an open or a dark figure ; it is symmetrical and 
regular, or just the reverse. These phrases do not stand for 
images that are present; this the cases of recognition without 
imagery prove. But suppose they do so stand ; suppose we have 
in recognition an assimilation of a present sensation to a number 
of revived images — of lines, curves, points, etc. Certainly the 
new psychical product should be an image, a product of the 
sensation and the imagery of past experience. But there were 
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eases in which recof^nition tmk place witliout the trace of an 
image. Consequently the assimilation wouhl appear to be of 
elements that are not images. Tlu'se eUuuents we tnay speak 
of as mental eategorii*s or concepts. Tht* st‘nsHti<m of a figure 
never stands alone. Perhaps no sensation ever <l<w\s. It is 
related to an appropriate stories oi cttncepts. These are not all 
in focal eonsciousm^ss. Perhaps all remain unanalyzed in the 
background of consciousness until by rt‘fb‘ction we consider what 
kind of a figure w have s<H‘n. Hut th(» sensation plus the con- 
cepts with which it is asstKnated, - thesi^ are assimilated and 
constitute a new psychical procluct. This psycliical product is 
what is known as our ‘idea’ of the figure. My subjects have 
sometimes said: “I have an ulea <if what the figure is, but I 
cannot draw it.” And then after some th<»ught they would 
give a very inadecpiate chweription which wouhl ndate the figure 
to some concept. On luung nlloweil to lo<»k for th(» figure they 
would find it among the entire lot of figurm that ma<le up our 
^laterial. Our ‘idea^ of the figure is whatever image may he 
present plus the concepts to which it is aHsimilatetl. That which 
is the chief factor in perception, that by which we recall figures, 
is also that by which ice recognize them. Ami this is the; figure’s 
serums of associated concepts. When a figure is Ht‘en once, some 
kind of an ‘idea’ of the figure is formeil it is fitted in to one 
(»r more mental categories. When it is setui again the^ new 
percept is assimilnt<*d to the ohl. Tin* <il(l serii*s of associated 
concepts falls in with the new. Ami in this way, perhaps, is 
produced the tone of fiimiliarity. In the pnwess of assimilation 
there is nothing that jars; on the contrary there is a reinforce- 
ment at least of mnu* memlHTS tif the assoeiuteil train of con- 
cepts. New concepts may brougiit <mt, but they fit in with 
the old. Merely similar figures, Imwever. might on a later per- 
ception bring out new concepts which would contradict the old 
and thereby d^^stroy the feeling of familiarity and give rise to 
doubt m to the identity of th4* figur^^s. 

One who is not dispemed to give such indivitluality to the 
concept as distinct fnmi sensatimi ami mental imagery might 
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have recourse, as Wundt does, to the feelings. When we find 
no image in the process of recognition we must not jump to a 
conclusion that a concept distinct from our mental imagery is 
present. There are the feelings to be taken into consideration. 
Perhaps these mental categories are groups of feelings and not 
a class of mental states by themselves. The examination of this 
point leads us to our next chapter, in which we analyze the 
product of abstraction. 
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IV. 

THE PEODUCT OP THE PEOCESS OP ABSTEACTION. 

In our analysis of tlie process by which an abstraction is 
formed, we have necessarily learned something about the final 
product. We have watched the growth of a complex mental 
state and must necessarily know something about that mental 
state in its final stage. Are there any evident elements in the 
final product of abstraction that we may regard as facts of 
experience? Yes. Our experiments have revealed some to 
which we called attention in our section on the process of per- 
ception. Prom the results of that section, confirmed as they 
are by the succeeding chapters, there are two important facts 
that were abundantly evident. 

(a) There exist imageless mental contents representative of 
a visible object. Our own experiments are not the only evidence 
on this point, A reference to the history of the problem^ will 
show that a number of psychologists have determined the ex- 
istence of various kinds of imageless mental contents. The 
consensus of evidence is such that ‘thoughts’ without imagery 
must be looked upon as established mental facts. And when 
we take perception to mean the result of the process of per- 
ception, our experiments show conclusively that we can have 
a perception of a visible object in which there is no visual 
imagery. Our idea of that visual object is therefore not a 
mental picture, although under such conditions as obtained in 
our experiments we should expect, if at all, to find visual im- 
agery constantly developed. 

' Without, however, making any assumption as to the nature 
of these imageless mental contents we may regard their existence 
as an established fact. They are the essential elements in the 
product of perception and abstraction. The existence of any 


icipp. 76 ff. 
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kind of mental imagery in the complex product is not essential. 
Imageless mental content and not imagery is therefore the true 
product of abstraction. 

The second fact of experiment is this: (6) Perception is a 
process of assimilating the data of sense experience to their 
appropriate mental categories. By this assimilation the object 
is perceived. The word category is not here taken in any pre- 
conceived sense. It is a fact that in perceiving a figure the 
earlier stages were designated as a knowledge that the figure 
was ‘‘pointed’’ or “open” or “round” or “had the top lines 
crossed,” etc. These expressions are examples of what I mean 
here by categories. It is a fact, too, that these expressions were 
not descriptions of mental images. The figures, however, had 
been seen with the eyes, and in perceiving them they were inter- 
preted in terms of the previous knowledge of the subject. This 
I have expressed by saying that the figures were assimilated 
to appropriate mental categories. So far this is all that I mean 
by the word category. 

Let us now ask, what are these mental categories in terms 
of our modern psychological terminology? A current psycho- 
logical division of our mental states leaves room for nothing but 
{a) sensations and their images, (6) feelings, and (c) will, which 
by some psychologists is explained in terms of feeling. To 
these states and combinations of them many psychologists have 
attempted to reduce our mental processes. We may now ask 
ourselves to which of these classes do the mental categories of 
perception belong? 

(1) Do they belong to the class of sensations and images? 

The ‘mental categories’ are not, of course, sensations, and we 
have already showm that they can not be directly interpreted 
as images, because they exist wdthout imagery. Dr. Ach, how- 
ever, has a theory^ by which they might be the combined effect 
of many images. They are not images but the tendencies of a 
whole host of images to reproduce themselves. This theory 
was excogitated to explain the meaning of words. A word is 


2 Cf. above, p. 86. 
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understood because it sets a number of images in readiness, 
all of which, have a tendency to reproduce themselves. This 
tendency of the images to reproduce themselves is the meaning 
of the word. 

Against this as a theory of the meaning of words one may 
object: 

(а) If a single image can not constitute a meaning it is hard 
to see how the tendency of a whole host of meaningless images 
to come into consciousness would constitute a meaning. 

(б) If we refer to the section in the experiments of Biihler® 
entitled “Ueber das Auffassen von Gedanken’’ we will see that 
the 'mental categories’ which were used by his subjects in the 
understanding of sentences cannot be analyzed into any known 
form of mental imagery. 

(c) Furthermore, words express objects for which we can 
have no adequate imagery. How then can the mere tendency 
of this inadequate imagery to reproduce itself constitute the 
meaning of the word? 

The same objections which prevent our acceptance of Ach’s 
theory as an explanation of the meaning of words preclude its 
application to the 'mental categories’ of our own experiments. 

It would explain meaning by the tendency of meaningless 
mental contents to reproduce themselves; for pure sensation 
independent of its associations has no meaning; neither has an 
image. It must be associated with other mental states to be 
understood. If these mental states are themselves but a host 
of images, each one of which has no significance in itself, from 
their combinations we can not bring about meaning. Nor can 
this tendency to appear in consciousness be said to constitute 
meaning. For the mere tendency of meaningless mental states 
to appear in consciousness would give no meaning that was not 
in these states themselves. 

One might challenge the statement that pure sensations or 
mental images independent of their associations have no 
meaning. Let us therefore develop this point a little further. 

3 Archw fur die ges. Psychol,, 12, pp. 12 ff. 
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Whatever may be our theory, it is a fact that a complex of 
sensations on being received into the mind is interpreted. This 
is evident from our section on perception. The interpretation 
takes place by means of the something that we may term ‘mental 
categories,’ to which the sensation is associated. These give 
it a meaning. But suppose the sensation is not assimilated to 
these mental categories? Is this not merely to say that it is 
not understood and has no meaning? What is left to meaning 
when you deprive it of every possible association and every 
mental category into which it might be resolved? It dwindles 
to nothing and ceases to be meaning. 

These mental categories possess meaning by their own right 
and are qualitatively distinct from sensations and images. 

One might bring in at this point Ribot’s ‘intentional’ theory 
of the mental image.^ Sensations and mental images are signs 
of their objects. But as we said in our passing criticism of 
Ribot, if the mental image is a sign of the object that it repre- 
sents, it must be understood. On one side of the sign is the 
object signified, on the other is the meaning of the sign. If 
the mental image is a sign it must not only have an object but 
also a meaning. Consequently, to say that the image is a sign 
does not help us to get along without any kind of an idea or 
concept which functions as a meaning. If, therefore, by acting 
as a sign sensations and mental images cannot account for 
meaning, if they themselves are not the meaning, we must seek 
for meaning elsewhere than in sensations and their mental 
images. 

However, if we could take Dr. Ach’s ‘^Vorstellung^^ in the 
sense of a mental ‘concept with meaning’ we have in the theory 
a good analysis of a number of those states which Marbe and 
his followers have termed ^^Bewusstseinslagen.^^^ They are 
mental states in which several concepts tend to appear in con- 
sciousness — ^but no one succeeds in doing so. As a result, you 
have a more or less unanalyzable mental state without definite 

^ Of. above, pp. 78 ff. 

5 Cf . above, p. 85. 
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characteristic. The tendency of the many ‘concepts with 
meaning’ to appear in consciousness results in an imageless 
mental content, which is hard to characterize, simply because 
many characteristics tend to come before the mind but no one 
succeeds in doing so. 

(2) Are the ‘mental categories’ feelings? 

Those who hold to the opinion that feelings of pleasure and 
pain constitute the sole elements of our emotional life will not 
be disposed to seek in these affective states an interpretation of 
our ‘mental categories.’ These ‘mental categories’ express 
knowledge; and knowledge is not pleasure and pain, though it 
may be pleasurable or painful. Nor does it make any difference 
how we may extend the idea of feeling; if we still mean by it 
something that is not knowledge, then thoughts and ‘mental 
categories’ can never be explained in terms of feeling. For 
if the word ‘feelings’ remains an exact scientific term to desig- 
nate those very mental processes which do not give us knowledge, 
if feeling is opposed to sensation and to all our cognitive mental 
processes, then the ‘mental categories’ we have defined above are 
not states of feeling. 

Such considerations as these could hardly have escaped 
Wundt. Yet he would interpret our ‘thoughts,’ and I suppose 
what I have termed ‘mental categories,’ as a complex of images 
and the “adequate” feelings which are involved. Our ‘mental 
categories,’ he claims, are not feelings alone and not images 
alone, but a complex of both. But if imagery is in itself mean- 
ingless, if we can have ‘thoughts’ which are not images, then 
the representative function of our thoughts and ‘mental cate- 
gories’ must be performed by the ‘feelings.’ No single indi- 
vidual can place a limit to the meaning of a term. Thorndike 
calls every single one of our mental processes a ‘feeling.’ To 
this even Wundt would object. Still, if he were to insist on 
embracing under the term ‘feelings’ the representative con- 
tent of our thoughts as well as their aflEective tone, he should 
at least admit that there are two very distinct classes of feeling 
— one which gives the affective tone and another which repre- 
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senta the objoet. Wuiult has lunvhore laado this admission. In 
fact, from liis writinpi it woidd soi*m tliat th(» roprosontative 
funetion is as(*ril)<‘<l hy him to tho ima^^tTy in tho complex 
mental eonttait t<nmu‘d a Mhouikdit.’ Hut tui Ix^iufj; aeeustHl of 
this by Biihler he strenuously obj<‘eted that HiihhT had not 
read his works” and niuintained that in his analysis of thoufj:ht 
there was also tlu* concept of the ftsdin^^s. Constspuaitly, the 
(question aristas: Do tlu*se ftsdinpi repr<‘seut the object or not? 
If not, they can never account f<ir the rt‘presentativ<* function 
of HhouKht’ If th<‘y <lo, then surely wt‘ must classify our 
feelinp< into those tliat rt‘present an object and thost* that do 
not; f<»r it is c(*rtninly <‘l(‘ar that there (‘xists a larj^^e class of 
feeliniLTs which an* not repres<*ntHtiv<‘ of (ibjects. 

If th<*n there an* MVelinjjrs' which can represent an <il)ject, 
how, w<* may ask, (U»es this c<une about? Ihnv in the absence 
of imu|sn‘ry, and imlependent of it, can any eoml)ination <d 
Wumit’s entin* triMUimmsionul system <»r feelinpj accoimt for 
the* nu*aninK of words nml pfirases or the mental cattt^ories 
formed in the [STception of our tiKures? Pleasure and pain, 
tension ami ndaxation, excitement and repose, mi|i^:hi c<mceiv- 
ably comhim* to form <Muuplex enudimis, moods, ami a VHri<*ty 
of non-representative mental states which atssunpany our pro- 
(;e.ss<*s of n‘cojj:nition, abstraction, nmilysis, etc. Hut that th(»y 
should tak<^ (jver in their ciunbinntiim a function which is 
(pialitativcly distirnd; from any that is inherent in them as 
elements, is an unwarrantable assumption. 

One mijj:ht brinii forward at this point the following objec- 
tion: Your e(»ntention that there exist imaM:eleHH mental contiuits 
is based in j^reut im^nsure <m the experimentH in whi<di a (common 
clement was certainly percf»ive<l, nltlmu^h th<* subject <iid not 
at all kmiw precisely what kiml <tf a tiKure was pr(‘st»nt. Hut 
to comdiide fnan such experiments that imamdeHs itlcas exist 
is not warranted, because the experiments may be exfduined 
without such an assumption, Thes<» experiments represent those 
cHses in whhdi the <*ommon element was never stsm in focal 

« VnyvkuL U, IM7 Ji4H (rmt**). 
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point of consciousness. But wherever it was perceived, however 
far in the background it might be, it gave rise to certain feelings 
of relaxation and restfulness, perhaps even of pleasure or dis- 
pleasure. The peculiar combination of these feelings gave rise 
to the feeling of certainty that a figure was being repeated. 
This feeling had connected with it no visual imagery that the 
subject could recall. From such an analysis it is evident that 
from the lack of mental imagery you can not jump to the 
conclusion that there are imageless concepts. 

Such an objection would not be based upon a complete 
analysis of the evidence. The existence of imageless concepts 
is not founded solely upon these rare cases — ^but also upon 
cases in which the subject was certain of parts of the figure 
that could easily have been drawn had any visual imagery been 
present. The subject described things such as points or curves 
or angles, which certainly could be pictured, but claimed to 
have no picture and could draw nothing that would represent 
his state of mind. Now, points and angles and curves are not 
mere feelings. And if they are present to the mind without 
imagery they are not images. 

Furthermore, in the cases of recognition of figures without 
any knowledge whatsoever of their special nature, it is perfectly 
true that the basis of the subject's judgment to a large extent 
was some combination of feelings such as was mentioned in 
the supposed objection. But we must not forget that the basis 
of a judgment is not the judgment itself. And we must also 
remember that in all these cases there is in the subject's mind 
the abstraction, ‘some kind of a figure' plus the knowledge that 
‘the figure was repeated.' The knowledge expressed by these 
two terms constitutes the judgment, ‘some kind of a figure was 
repeated.' This judgment is not constituted by the feelings 
which evidenced the presence of a figure. It is based upon 
them, but it does not consist in them. It is therefore something 
over and above them. The elements into which this judgment 
can be analyzed are the abstraction ‘some kind of a figure' and 
the knowledge that it ‘was repeated.' 
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Siiico tht’se t'l^nu'tits art* not fwliuKS and are not mental 
iina}i:es, there is nothing left in the cnrrtmt division of elemen- 
tary mental proeeases into whieh they can be relejs'ated except 
the acts of will. But eertaitdy we can not place them there. 
We must then'fon* recitiinize the existence of another division 
of mental protfesses to whieh onr thoughts and mental categories 
must Ik* reh'gattsl. (lonsetpit'ntly in the final product of ab- 
straction there is an element distinct from imagery and feelings. 
This element, since it is the Iwarer of the nu'aning, is the kernel 
of the prmluct and it may truly be termed the ‘thought’ or the 
‘concept.’ Imagery and fw'ling may cluster alH)ut this concept; 
but as far jjs the imagery is tnmeerned it is ct*rtainly lacking 
at tinuw, as our experiments have shown. As to fetding, we, 
can not say for certain on the basis of our experiments whether 
or not it is nectfssarily pnnent. 

The concept of the flgur«*s in our experiments, though dis- 
tinct from iniagery atul hs'ling, was not its<*lf an elementary 
proctms. It was manif«*Htly compound in a number of instance. 
For one ami the same figure was iu<similate<l to miveral mental 
categori<w. It was a comtept nuulc up of sevitral more (dementary 
concepts. Between the concepts of which it was constituted 
theni was a conscious Isuul. The sfmsation in Inung assimilated 
picked out its categori«*s by the necessary proctws of its assimi- 
lation and tlmse united to form a concept of the figure which 
the subj<H;t was afterwards enabled to analy'/.e with mo«! or less 
completemniH. 

If such is the cas<* one may ask how wjw the first concept 
formed! Dtsts man c<«ne into the wt>rhi (sjuippcd with a whole 
system of mental categori«« by which h«» is enabled to pcfrctdve 
ami utulerstand the thitjgs altout him! This (jmwtion leads us 
on into a i>roblejn far Istyond the limits of the pres<*nt research. 
Our probhun has Iwen the analysis of the process of alwtraction 
in the atlult. The prtsH'SH of perception which is tins initial 
stage of almtrnctitm was fouml to be one of assimilating the 
sensation to j>reviously formeil mental categories. Whence 
originnhsl tlH*se mental eategori«ts. is another problem. Tlusse 
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mental categories and their function in perception are facts. 
The origin of the mental categories, and the process of perception 
and abstraction in the child, are very different problems from 
our own. But ignorance of child psychology does not destroy 

i the facts of adult mental life. 

However, it may not be out of place to suggest a theory as 
to the origin of our mental categories. And this I would do 
as follows : As Kiilpe suggests,^ the data of sense are perceived. 
There exists something of the nature of an ‘inner sense’ — a 
central consciousness which perceives the phenomena of the 
external senses. When consciousness first dawns the data of 
external sensations are perceived. Perhaps at first in the auto- 
matic life of the child the sensations that are perceived are more 
or less intermittent and vary in their nature. But every time 
a sensation arouses consciousness the child is aware of a change 
in its mental life. At first this change is not interpreted because 
i there are as yet no mental categories. Every change is just 
^ an awareness. The child simply realizes that something has 
happened. And this realization develops into his first mental 
category. As time goes on, experiences multiply and the several 
different kinds of experiences make the child not only aware that 
‘something has happened’ but that something of a more partic- 
ular nature has happened. Something painful, something pleas- 
ant — ^something hot or something cold, etc. In this way he 
forms still further sets of mental categories into which his future 
experience is received. Out of these develop the categories of 
identity and diversity, — ^when, we do not know; nor is it neces- 
sary for us to settle this point here. But by a gradual deter- 
mination of the most general of his mental categories — ‘some- 
thing’ — ^his experience grows and is assimilated. The first 
determinations are of very particular experiences. The most 
varied things are given one and the same name, simply because 
he has but a few general concepts and his sensations are assim- 
ilated by necessity to whatever categories may have been devel- 
oped. The child’s experience— his inner perception of a train 


7 Bericht u, d, I, Kongress f. exp, Bsychol, in Giessen, 1904, p. 67. 
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of similar meiital ovonta eonstitiitt* a montal category which is 
his idea of those events. The first mental category, the child’s 
awarenciss of .something, enters though not <*onseiou.sly and ex- 
plicitly into all his latt‘r concepts. Some of these later ones 
group together, and .so <in, until luuhT the influence of language 
and education the events of the external worhl receive their 
interpretation. 
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STJMMA^ 

We are now in a position to summarize the process of ab- 
straction as revealed in our experiments. 

1. The process of abstraction is initiated by the breaking up 
of the group presented for perception. In this breaking up 
of the group the common element becomes accentuated at the 
expense of the surrounding elements. These are not merely 
neglected, but are positively east aside and swept more or less 
completely from the field of consciousness. 

2. This breaking up of the group initiates the process of 
perceiving the common element. This is accomplished by assim- 
ilating to known mental categories the sensations perceived. 
Perception proceeds from that which is more general to that 
which is particular. The formation of a reproducible image 
represents a later and unessential stage of perception. 

3. The retention in memory of the figure perceived depends 
in great measure on the method of memory. Memory by 
analysis and association has a very decided advantage over 
memory by imagery. The memory of the figure depends, fur- 
thermore, upon the focality of perception. The accuracy of 
memory decreases rapidly with the distance of the figure from 
the focal point in the act of vision by which it was perceived. 
The perception of new groups after a figure has been perceived 
has a tendency to obliterate it from memory. 

4. The recognition of a figure once seen involves an element 
of certainty or imcertainty. Consequently there is implied in 
recognition assent or doubt, and therefore a judgment or a 
suspended judgment. In recognizing a figure any degree of 
certainty of recognition can accompany any degree of perfection 
in the perception of a figure, so that a subject may be certain 
of the repetition of a figure and still may have no knowledge as 
to what manner of figure it was — or the subject may know 
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all about a given figure and simply draw it as remembered, or 
as very doubtfully the common element. 

5. The final product of abstraction, that which is perceived 
as common to many groups, is essentially a concept distinct from 
imagery and feeling. It is not an elementary concept, but 
represents the assimilation of that which is perceived by the 
senses to a more or less complex mental category, or perhaps to 
several such categories. These mental categories may be re- 
garded as the results of past experience. 



192 I^ublicatiuns in l^nycliolnyy, [Vol. i 


RKFEKKXC’KS.- 


Acit, NaH'/ihs: Vtbtr lyUltiustiititjKrit untl dan lUnkcn, (uittingon, 

ANOKWi ami HAUWtwm: “ Dwfriminatiua of (‘hwign f(»r Intt^r- 

valH t)f Tiino, Part I. Amirii'an Jtmnutl of I\utrhotoiiif, IHUU lihU), VoK 
XI, pp. 67-7P. Part IK by !*rcif. Ang*»U iiUnw. Op, cit., Vul. XI I, pp. 
58 -riK 

A«TKU. H. vun: pHychtilugiHcht' lit*nbut*htung uml «'xpt'ri!m*nti‘Il<> 

Untt^rHuchung von I>t'nkvargangt»ii. ** ZHt»ehrift ftir Pattrhaloifie, 1908, 
Vt>L XKIX, pp. 5(1107. 

Hach.ey. PiiAKm.KU: “Thi* Appi'rci'ptbni of thi* Sptikmn 8tm« 

taiUH!!.** AmtrituiH Journal of Psifrholotf^, IIHH^OK Vol. XII, pp, H0-K14. 

BKRKKriEY, A Tfrotinv concrrnuuj thv Vruu^ipUit of Human 

KmwUd(j<K Vul. K PriiftorX (Ixff»r«l (1^71) of hin workn. 

Hioiiam, John: “.Mmnnry/’ Psyrholoyuud iCrvutv, Khii4, V%iL I, pp. 
45a*4(H. 

UlNET, Aliritr.U: t,*Ktudr rjrprnmrntatr dr Otntf Uujnirt', Parm. 190.1. 

IMhiiiKit, KauIi: ‘^Tatsarhi'W uml Problomo m oituT I*syt»h(il«»gm »lor 
Daakvurgang*'/ ’ Arrhiv fur dir r/o. 1907, V'oK IX, pp. 297* 

.10.1; Hms, Vol. XIK pp. I 92. 

**A«twi»rt naf »lio vuit W. Wumlt ♦♦rhiOiomat HinwanOu, 
Archiv fiirdu yrH, IKsyrhaloyir, UOm, Vnl. XIK pp. 92 12.1. 

**Zur Kritik Uor DonUoxporimoiiU*. ‘ ' /»*%tHrhrift fur Vny* 
rholotjir^ 1909, V(»l. KI, pp. lOH US. 

Davies, Aurntot Kknest: **Ari AnnIysis of P?iyohit’ IXV’ 

choUujiral ltrviru\ 1905, Vnl. XIK pp. 100 200. 

DCHK, K.: ‘‘Pnlinr din nxpnrimnalnlln Putnrstu'hafig ilnr Drnkvor- 
gUngit” ^ritHrhnft fur J\Hyrhidofjo\ l**H*s, Vnl. XKIX, pp, .11,1210, 

<lAI*Tt»N% PttANOia; **(*umpMjittn piiftmiti^ iiutdn by nnnbtning thnm" nf 
many iliffnmnt pvrsinn?* into a singln rn*mltH«t ilgum. Thr Journal of the 
Anthropohyiral Inutilutr of Orrat Jtntmn and [trtand, lM79, Vnl, VI 11, pp* 
132.H4. 

«««»- Iiimgni*. ** Ptortrdotffst of thr Hoyal insldutr of 

Grvat Ifritaint IH79, pp. 10M7K 

™'*; Inquiru'x mfn Human h\irulty, Sow Vnrk, IHMI. 

(iHOKBAlfM, A, A.; 'MffdM’f din Ab?i(nikUnt 4 dnr (llnirUhnit, ' * Arrhiv 
fur dir ym, Pxyrholoytr, 190 h, Vnl. XIK pp. Ho ITh. 

Hoxoky, TiitiMAH IK; Ihtvid Humr, Svw Vurk. IhTO. 

• Tho lint IH not a bibitngraphy at tlm nub^nt-n but nt.iOainH m»T«‘iy thuMrt 
wnrku rntnrrnil t«» in thn pr«*»nui atndy. 



1910] 


Moore: The Process of Abstraction. 


193 


KtiiiPE, 0.: ^^Versuche iiber Abstraktion. ^ ’ Bericht uber den I Kon- 
gress fur experimentelle Psychologie in Giessen, 1904, pp. 56-68. 

Maebe, K.: Experimentell^psychologische JJntersucJiungen iiber das 
Urteil. Leipzig, 1901. 

Mater nnd Orth: ‘^Zur qualitativen Untersucbungen der Associa- 
tion. Zeitschrift fiir Psychologie, 1901, Vol. XXVI, pp. 1-13. 

Messer, August: ' ' Experimentell-psyehologiscbe Untersucbungen iiber 
das Denken.'' Archiv fiir die ges. Psychologie, 1906, Vol. VIII, pp. 1-224. 

: '^Bemerkungen zu meiner ^ Experimentell-psycbologischen 

Untersucbungen iiber das Denken.’’ Archiv fiir die ges. Psychologie, 1907, 
Vol. X, pp. 409-428. 

Meumann, E.: ‘‘Ueber Associationsexperimente mit Beeinflussung der 
Eeproduktionszeit. ^ ^ Archiv fiir die ges. Psychologie, 1907, Vol. IX, pp. 
117-150. 

Mittenzwei, Kuno: ^'Ueber abstrabierende Apperzeption. ’ ' Psychol. 
Studien, 1906-07, Vol. II, pp. 358-492. 

Moore, T. V.: ^^Tbe Process of Eecogaition.’^ Atti del V. Gongresso 
internazionale di Psicologia, tenuto in Bortta dal 26 al SO Aprile, 1905, Eoma, 
1906, pp. 286-287. 

Orth, Johannes: ^^Gefiibl und Bewusstseinslage. ’ ’ Sammlung von 
Abhundlungen aus dem Gebiete der Padagogischen Psychol, und Physiologic. 
Edited by Ziegler and Zieben, Vol. VI, No. 4, Berlin, 1903. 

Eibot, Th.: '^Enqu^te sur les id6es g6n4rales.’' Bevue philosophique, 
1891, Vol. XXXn, pp. 376, 388. 

: L*Bvolution des idees gSnerales. Paris, 1897. 

ScHULTZE, E. E. Otto: ^^Einige Hauptgesicbtspunkte der Bescbreibung 
in der Elementarpsycbologie. I. Erscbeinungen und Gedanken.^^ Archiv fiir 
die ges. Psychologie, 1906, Vol. VIII, pp. 241-338. 

: ‘‘Beitrag zur Psychologie des Zeitbeweisstseins. ’ ' Archiv 

fiir die ges. Psychologie, 1908, Vol. XIII, pp. 275-351. 

Spearmann, C.: **Tbe Proof and Measurement of Association between 
Two Things.'^ American Journal of Psychology, 1904, Vol. XV, pp. 72-101. 

Taylor, Clifton 0.: ‘‘Ueber das Versteben von Worten und Satzen.^’ 
Zeitschrift fiir Psychologie, 1906, Vol. XL, pp. 225-251. 

Watt, Henry J.: ‘ ‘ Experimentelle Beitrage zu einer Tbeorie des Den- 
kens. Archiv fiir die ges. Psychologie, 1905, Vol. IV, pp. 289-436. 

WiLTSE, S. E.: ' ‘ Observations on General Terms. Am. Journal of 

Psychology, 1890-91, III, pp. 144-148. 

Wundt, Wilhelm: Grundsiige der physiologischen Psychologie. 5tb 
Edition, Leipzig, 1902-03. 

: '^Ueber Ausfrageexperimente und iiber die Metboden zur 

Psychologie des Denkens.'^ Psychologische Studien, 1907, Vol. Ill, pp. 
301-360. 

: ‘'Ejritiscbe Nacblese zur Ausfragemetbode. ' ^ Archiv fiir 

die ges. Psychologie, 1908, Vol. XI, pp. 444-459. 



194 University of California Publications in Psychology, L'V'ol. i 


APPENDIX I. 

THE INFLUENCE OF ASSOCIATION ON PERCEPTION. 

In the course of the experiments a number of cases occurred 
in which the subject’s drawing of the common element differed 
from the actual figure in such a way that the error was evidently 
due to the association that was reported. Some of these cases 
are given below. The drawings given under the heading ‘‘sub- 
ject’s drawing” reproduce the essential characters of those made 
by the observer. They are not however exact reproductions 
of his drawings. 


Common Element. 


Subject’s Drawing. Association. 


Q 

Q 

S 


Q 

o 


oo ‘‘Wiirst.” 




Omega. 


The subject drew the 
figure correctly at first. 
He then changed his 
mind and drew a sec- 
ond figure with a ji 
double curve, say- U 
ing that this was more 
correct. He said the 
figure looked like a 
{Ldufer ) . His second 
figure does in fact re- 
semble the bishop in 
some forms of chess- 
men. 


% 

0 


Mushroom. 

Two half -moons. 
Open scissors. 
Apple. 
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These errors lend additional evidence to the theory of per- 
ception advanced in the body of this work. The actual imagery 
arising from the figure itself is not the first thing noticed. It 
fits into and is interpreted in the light of the subject’s past 
experience. The aissociation comes into the subject’s mind first, 
lie sees that, and interprets the data of vision in its light before 
the true image is perceived. Haul the series in which these 
errors occurred In^en sufficiently long there can be no doubt but 
that the error of aissimilation would have been corrected. The 
true image which was constantly being impressed upon the 
retina would have eventually been noticed as it was in itself. 
But because perception dot's not consist in merely seeing with 
one’s eyes but in interpreting the daita of the senses, such errors 
as the above are not only possible but natural. 
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AITKNDIX ir. 

(iKXKKH’ IMAiiKS. 

What hMik«‘<l likf a fiiaUm of iiu'iital ima^ros oocurrod twice 
in the course of tlie cxpcrimenta. Stich fusions are interesting 
in view of tiie getu'rie iinngt* tlnstry of i<leju». Tiie first case 
was less eviiiently <>»« «f fusion. The «lisk was inaccurately 
made. The accompanying figun' (Ksnirred ns th«! common 
element, now in one. now in another of the two positions as given. 

The result was that the two circles were drawn correctly. Just 
what was in the inner tmc remaintsl tlouJilftd. 

The second case .sissned evid**nlly a fusion of nnsital imagt's. 
It occurrtsl <»n a tlisk witli no common elemtsd. The accom- 

paiiyinK two otunimnl Hi*vi*rnl rxixKHttitum Th« 

Hirrw Ttm 

(In^w as the common element, The outline he 

said was certain, the <lotted inner line wa,s tlouhtful. Since the 
two figur<w appt'urtHl several expositi»trjs apart theri' can be no 
(juestion at all of a retinal fusion. The phenoimmon must be 
due to some central cause. 

Just such cast's ns these resemble very closely those ptsttulatwl 
by the Huxley-tlalhtn theory of general itleas. The common 
ftmturcs arc tleeply i«npres.se«l ami therefore retained; the vari- 
able, but faintly, ami nr»» negleefeil. There is howtwer a very 
important differenci! Is'tween the universal iilea atitl such 
“generic images,’’ its were f«»uml in the entire tuturse «tf the 
experiments. 

In the f«»rmatii>n of a general iilen there is a kernel pickml 
out as coimtantly recurring and therefore essential, while that 
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which is variable is ncKlcetod and forKCJtten, or recognized as 
unessential. 

If in our expt'riments there was any fusion of images at 
all, that which was eonunon was indeed eh'arly impressed, — ^Imt 
that which was variable was neither neglected nor forgotten but 
remained obscure ami doubtful. 

At all events the extreme rarity of the phenomenon postu- 
lated by the Iluxley-dalton theory shows that it cannot be the 
usual way in which we form our eonct'pts, — not even those of 
sensible (thjects. The analysis of abstraction made possible by 
the experiimmts p«tints to a process that has little to do with 
composite photography. 


Transmittid December, lUOfK 
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the experimenter. 

(a) The influence of successive judgments on one another. 

The flrst of these central factors is the tendency to 
reiterate or to contradict the judgment which has gone 
before, without regard to the ground or validity of either 
the preceding or succeeding judgment. Some persons tend 
to repeat themselves, others to reverse themselves. 

(h) The influence of surrounding stimuli. 

There is a tendency to assimilate any particular judg- 
ment to the form which predominates in the series; in 
other words, a tendency to maintain a fixed proportion 
between the number of positive and negative judgments. 

This tendency results in an apparent lowering of the 
threshold when all the stimuli are much weaker than in 
an earlier series. But xmder other conditions the same 
tendency may result in an apparent heightening of the 
threshold. Thus it appears that the threshold instead of 
being a fixed quantity, can be raised or lowered at will by 
a judicious selection of the stimuli to be employed in the 
experiment. 
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THE JinXiMKNT OF VERV WEAK SENSORY STIMULI 


I 

Intwoduction 

Th(‘ t(‘nn absolute threshold of sensation occurs very fre- 
quently in the writinj^rs uf psyehnlnj^ists, and it is jjrenerally 
treated as if it \v<*ro a teelinieal term of preeision. Hut it has 
appeared to thc^ pres(‘nt writer tluit the eonert*te <»xperieiu^es upon 
which the notion of the ahsolut<* thrt‘.sliol<l of sensation is founded 
have received very little eonsi(h»ration, and remain, for the most 
part, unaualyz(‘<L The experu‘nees in <im‘stion are tlume in which 
a stimulus is pn*.sented whi<»h is so weak in intensity, or so little 
diffen^nt in <|uality from tin* jL^eneral haeky:roun<l up(m which it 
is prest‘nte<l, tliat thert‘ is some <pu*Htion whetlu^r or not it can 
be p(‘nM*ived. 

The attem[)t to pro<luc{» such an expedience untied exfudi- 
mentnl t*onditions is ht*s<*t with stdious difiicultie>s. No one is 
ever fre<* from all senisation, nor is it possible* to impr(‘HS a vve*ak 
stimulus upon a pt*rson in the* absence ed’ oth4‘r Heaisations which 
re‘S(‘mbl(* the* one* proeluci*el by the* stimulus. lIypoth(*tieml exeu‘{)- 
tions may be* feaunl in infancy or in the return t>f e^onsciousm^ss 
after a pe*riod of une*onsci(m.sm‘ss, bed in normal life none* of the 
senstsor^nns is over so p4*rf<*(*tly adapteel tlint it fails to yit‘l(l some* 
sensatie)!!. The* minimum visible* li«:ht c<am*H ns a change* in a 
fielel of visieiu always abenineliiuj: in sensatiem. Ne> erne ewer hemrel 
a faint semnel b<*^iiniinjj: <mt eif utt<»r HtiIIne‘.ss; te) liste*n feir such 
a sound is te» lM*e*omt* aware* ed’ coiudle'ss soiuiels produe(*<l bedli 
within and without the* Innly. The ceitnne*ous senHi*s, ns we*!! as 
smell anel taste, prt*s(*nt the* same dil1icultie*s eudy a little* l<»ss 
obtnisive'ly ; the'se* se*ns<*s <lo renedi .Htatt*s of almost p(*rfecd. ada{)tH- 
tion so as w<* do not att<‘ml toei close*ly in th«*ir <lire‘ction; 
but onee* we* ln‘Kin tei e*xpe*rim<*nt upon the*m, we* are* ove*rwhi*ltued 
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with sensations which refuse to be eliminated. The least per- 
ceptible pressure or pain, or temperature, or smell or taste is 
only a modification of a complex of sensations already present. 

Such being the case, it might be presumed that an examination 
of the conditions determining the threshold of difference would 
cover the case for the absolute threshold as well. There is, how- 
ever, a simple and fundamental distinction between the two cases. 
The threshold of difference is found between two stimuli of 
almost the same quality, but differing slightly in intensity. The 
absolute threshold marks a difference of quality within a field 
which does not change appreciably in intensity. The difference- 
threshold is observed only by comparison with a standard sensa- 
tion of some kind ; the absolute threshold must be observed with- 
out the help of such a standard. Moreover, every one who has 
ever investigated the matter knows that the attitude of the ob- 
server is radically different in determining the two thresholds. 
When examining an apparently tasteless substance to discover 
whether or not it contains salt (search for the absolute threshold), 
one ignores the relative intensities of such sensations as are clearly 
present, seeking to detect the quality of those which are dimly 
suspected. WTien concerned with the threshold of difference, the 
observer withdraws his attention from everything else in order 
to apprehend as clearly as he can the relatively conspicuous sen- 
sations with which he is directly concerned, and about whose exist- 
ence there is not the slightest doubt. 

A fair determination of an absolute threshold depends upon 
the fulfilment of two chief conditions. First, before stimulation 
the sense-organ must be in a state of adaptation to its surround- 
ings, and for purposes of practical experimentation it must be 
possible to produce this state of adaptation quickly. Second, it 
must be possible to introduce a relatively simple, familiar, and 
distinct stimulus which can be easily graded quantitatively. 
Under these conditions the expected sensation can be observed, 
with a minimum of comparison with other sensations, and with a 
maximum of difference in quality between itself and such other 
sensations as are present. 
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Without entiTiuK into details, it may bo said that the aeuso 
of taste satisfies thes(» conditions as well as any of the other senses. 
It is well known that th(‘ orpins of taste are almost completely 
adapted wlum not stimulatt‘d by foreij^n substauc<‘s taken into 
the mouth. Only in morbid stat<»s of tlu^ orpinism are there 
tastes, swe<‘t, bittm*, or sour (not, how<*V(U\ salt), due either to 
some disturbance of the s<‘us<».orpins or to the presence of unusual 
products in the saliva. None of the otluT senses is so free from 
subjective sensations and so perftsdly passives The orpins of 
taat<^ are sheltt‘n‘<l fnun outsi<le disturluuuH‘s by the strouj^ sur- 
rounding walls of the nmuth. Tht*y are stimulated from within 
by a fluid of a very uniform cons i.st en<‘.y and savord The amount 
of salt constantly pre.st‘nt in the saliva is considerable compared 
with tin* small additional amounts which (»an bt‘ <ii‘t<‘cted by taste. 
None of the othm* stmses has the benefit of constant stimulation by 
a uniform irritaiit. In a word, aclaptation is sianired by freedom 
from occasional stimulation and by a weak, uninterrupted stimu- 
lation. In pnudice it is not p<wsible, howevtT, \u avoid comparison 
with a slandanl; and this is as true of tiwte as of any of the 
other senst‘s. A single sample stimulus can be judged after a 
period of comimrativt^ pa.ssivity of the organ; but if further 
judgmmits an» to be made within u rc*iusonable period of time, 
they ar<* subjtad to <listurban<‘e from tin* traces of the pnaualing 
stimulus or from tin* mechanical means employed to remove such 
traces. 1'races of any sukstunct* taken int(» tin* mouth nnuain 
until removt*(l by the slow flow fn»m the salivary glands or by 
the help of a rinse. It is customary to use pure water as a 
mouth-wash to remove traees of previous stimuli, and water is 
thought of us lH‘ing itself tastelesH. But nil waiter when closely 
e.xaminiHl yields a tnstt*.'^ It appears that tln^ only wmy to insure 
perbs't (piit‘Hcene<* in the taste^organs is to all<»w them to remain 

1 W. Btuulhuvh dn Atf^nMrhrn (Hraurinrh- 

woig, P. u. St»hn, 1007), v«»l, 2, p. 521; Oppmiheimor, Ilnndhurh 

dvr Hiovhrmiv dvn Mvmvhvn und dvr Tivrv (Jena, tl. I'HmcJut, lOlO), vol. 5, 
pt I, p. 27. 

2 On the tuHtf’ \vat«’r, aw AppemltJt 1. 
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for a coiusitlerablo time miexeitetl by any substam^t^ <^ther than 
the normal saliva/** 

The st‘eon(l re<iuisitt» ot* a irt>o<l throshobl stimiilus that its 
<fuality be familiar ami at the same tirm* ebsnr ami tiistiiiet ami 
easily re^nilated in intensity * is satiHfa(*f<»rily fuUilletl by any 
of tht» four ehu*f taste <iualitu‘s; but salt possesses etuduiu a<lvan- 
ta^es over the otlu^r three. Salt s<»nsatitms are m»t prtuluced 
aeeidt‘ntally by .sti!uulati<m with wntt*r,* \V<‘ak salt solutions 
have no disagreeable tdTeets. ami even after repentt»tl tasting 
prodms* none (d* the strtuig tN'idings whieli attend bitter^ sweet 
and sour. Salt solutions are easily prt‘pared and k«s»p well.*' A 
large number of previous <lett‘rminnti<»ns of (he ffireshold are 
available in the ease of salt, whih* for tin* «»tht‘r taste ([ualities 
sneh ohi determinations are fe\v«*r and rest upon stimulatiou by 
sueh a variety of substanet^s that Vf*ry few dirtnU eomparistms ean 
be matle.** The prevmus determinations seem tt» be m<»re eon- 
sisteut with (*aeh <»ther for salt tluin for the oth«u* tastf* ([ualities, 
and this faet wtuibl seem to indieate that fewer diflieuUies or 
errors are emsinntered in administering this stimidns. Thf» reac- 
tion tins* f<»r salt is shorter than for the other qualities, and the 
diserepuney between the simple renetiiin time and the time for 
discriminating salt is less, and this woubi seem to ttidieuie that 


a MumivtT i<f rfiH't that time h« 

alluwfMl in whteh th«* may r«’tt}rn t*» a iiMrmal atnte after 

the ilinturhama'S »if itn t»y Ih*’ intr»t»lui’tiua t>f foreign 

ftub}4tam*<*a into the mouth. See Pavlov, 1. P., Tht tt Hrk nf (ht 
(Hnmk, tr. by W. H. Thtimp»*<»n Kiig. e*l., <'harle» (tritlitt and 

t.*«n tOlO), p. 71, 

KiCMow, P., Studun, v«4, |o (IsiMt, p. fiiJS; Titeherier^ 

K. U., Ttxthmtk itf Exp, v«4, I, pt. p. lOO; ami Appendix I, 

On the Taitte of Ointilied Watrr. 

6 There are vitri»»u>i teehnieal »bt!ieuUii»M in the a ny of Mtandardixtng 
sugar for sueh work, and the ruri#»»t^ ♦PtTf’rene*’* lotwoen nugar ana 
saerharine dinfovered by (,eiiiberg»’f, Ar*h, f, d, nr-.i, P/n/iso/., vol, 123 
p, tiSiU, are ^naieieiit wanant f«»r r»\}eetOig nw»*et ta^dejt fitr the 
preaent w<*rk, in whieh NimpUeity oi th»’ h the flr^t requisite, 

Aeid Htimuli require mteh extriM>rdtnitry ddutiunH for the thredmld 
that they are inetuivenient. Uiehard^^, dmer. t'hrui, Vid. 20 (IHtIK), 

p. 121 , finds that hydfoehlorir aeid tiejteit nonr long there in any 
free H<‘1 present, and that the 5Keit.«e *,f fanfo givri finer do»erimifiatitmi 
than Home $to enlled quantitative tneth>>dH. 

«On the determinathum of the thredodd of int* nnity for «ult, snee Apiam* 
dix ll 
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the salt (luality, when poreeivod, is more clear or unambiguous 
than the othensj 

As a further point in favor of using salt as a stimulus it may 
be noted that the tongue is about e<iuall.v sensitivt' all around to 
salt, whilt! for the (»ther (pialities some portions art' more st'nsitive 
tiuui others." On this aeeount it makes less ditferenett with salt 
if the stijiudus does not idwtiys strikt* lirst on the same part of 
the tongue. 

7 Kiesovv, Ztsrh. f. Vsyehut., viil. :ta, (UKK)), p. -tnt!, gives the following 
rcwtiori timoH: 

Salt, Him 

O.'l'NI mn*. 

tU'l. (l.ruld H(H\ 

1.0S2 Roi*. 

Sco also von VintHfhf^fna un<l IloiiijtfHfhrniotl, PrtilKvr’n Ardi. f. d. /;<•«, 
l*h}fsioL, vol. icl (IH75), p. ami tho artivlo by voii ViutHchKau in Hor- 
mann’H finndh, </. vol. 3, pt. 2 (IHHO), p, 2tiri. 

NotvvitliHtatMlinjf tho fiu*t that tho unit nolutioiiM UHtul woro lofts 
intonno than th«' othor tuHtox, voii V'intHfh^an, Arrh, /, </. //^w, PhysioLf 
vol. 14 (1877), p, nfKh f<*untl that tho timo mpiiml to <liH<*riminato salt 
from wator was Ionm than tho timo rotjuirotl to diw'.runinato tho other 
tuHtoH from wntor, an 

Halt, 0.270 Hot*. 

Afitl, O.II02 Hi't*. ’ 

Hujfnr. 0.384 hoo. 

Hit tor, 0.413 Hot*. 

Halt HhowH th<* lt»uHt ciifTi'ronoo hotwoon tho maximum ami minimum 
reaction timoH (dnd., p. 551). Tho timo for tliHcriminatinjf between two 
tuHtoH iK HhortoHt when one of thewo tttHtoH in wait (Und., p. 554). 

« Wumlt, PhyHutU VHyvhoU, vi»i. 2 (HMU), p, 02; Huenig, Philos, Htudien, 
vol. 17 (imU), pp. (Km (1U8. 
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rr 

STATEMENT OE THE WORK DONE 

Two sots of solutioiiH of o(»iutiion snlt* in water’" wore pre- 
pared in quantity onoo for all. One .set. calletl the “atronj'” Kdlu. 
tions, eontainetl tho followitifr Hixtoen tnemlH>rs, the tiifures denot- 
ing the per oont of salt to water hy weight, i.e,. the nnmher of 
grams Nad per 100 ouhie eentimetera lI.jO. 


Namo of Holuttoti 
0 

1 

o 

n 


4 

and «o on, by Htt'jw af tti 

15 


Htronjcth, jH»r c*mt 
i\M% 

U.l';. 

iVVl 

0.4'^ 




The ^*weak” m*ru»H eontniiuMl th<* followinic 


Nnm«i of mdutton 
0 
% 

% 

% 

I 

y* 

and 80 on, by wtojw of to 


Htronifth, |M»r i'ont 
0,0*1, 

o.lM, 


E'er each ohnerviT n m»t of huiuII whh jirovitloil, <mo for 

cuich Bohition in the anti for citch lutttlo n cotnnton nonHcine- 

dropper, or pipette, tho tula* of which alip{HHt arnn^Iy iriti» the bottle, 


WHH tbitt tiroimml by t\w .1. T. Hak^^r tloonit^nl <’om. 

Now tm*b^r tb.^ label <‘blofhlts 

y.t M.W. oH.n. It m «nol to rtmtain, Na«*l, n.oouc i>*<r ct^nt 

iron, and 0.005 pt^r wni 8tilfnti», * 

10 The water UHinl wn» from tb*^ mUH ut t\w laoiartmi^nf of 

CumuHtry m tln« IfruvcrHity. U U iU^lM on.*** front roppor and 
containB some traces of coptH.r salts, but i* sumriunttv f /r uhc in 
ordinary quuntitntivi. luittlysia. * * 
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and of whioh tlie rubber bulb elosod the neck of the bottle and 
prevented (‘vuporation. Ihd'ore a sittiuj>:, these small bottles were 
filled from the stock and brought into the operatinii: room hi time 
to allt)\v their eonbmts to eome to the* temperature of the room.'^ 

After work had on<*(* be^nin the observers reported reji^ularly 
once or twice a wet*k, or daily, as the cas<* mifi:ht be, at the same 
time of day. They did not work if they felt out of sorts or had 
colds. All judsjfimmts wore recorded. Tlu* oKservt‘r was seated so 
that he could not set* tin* bottles.'*** Tin* stimuli were administered 
in chanct* ord(‘r, but in s<‘vt»ral s(*rit‘s a rt*cortl was kept of this 
order so that it was possible* to tell what stimulus and what judfj^- 
ment precedt'd any {>arti(*ular stimulus, and in tht^se latter ciises 
care was tak<*n to hoo that each solution shoidd e<»m(* first in a 
seri(‘s as ofti*!! as <rnl any other solution. Otherwise a chance 
order was folloW(*d. 

When tin* obs(*rver had seated himself and rins(*d his month 
(using as mneh or as litth^ wnt<*r for this purpose ns In* chose),*® 
the (*,x[)erimenter took one of the small l)otth*s, pumped with the 
pipeitt* to stir up tin* s<duti<»n, lille<l tin* pipett*^ till it contained 
one cubic c<*ntinn*ter, and handetl it to the olwerver, who opened 
his mouth and <*mptied tin* pipette on to tin* e<*nter of his tongue, 

H AtithoritieH dilTor na to the elTeet i»f the teinperatnre of the hoIu- 
tion upon tin* aensitivity of the ohaerver. I nm nc»t prepnretl to aay 
that the threahohl wouhl he aaVeie4l by uaing hlootl heat instead t>f the 
temperature <if tin* nuitn, hut I nm ready to H<lmit, in the lij'ht of 
oecaaional int roaptnUiona frt»m my ohaervers, thnt it wouUl he worth 
while, tor the aaUe of pn'eiaion, to take the paina to lump all of the 
fluids uH<ul at a ilxod temperature of about and u1h{» t;t) re^jfulate 

the room temp<'ratur<* earofuily. (lit the iither hand, t wish ft) state 
that my own a priori tdijeethina to uaini? a flxed t<*mpt*rature. were, that 
it. Would appear warmer on a eold day an»l cooler oit a warm day, ami 
that if it vv«*re aa high as blood teinperattire it wouhl make the stronger 
salt; Holutiona somewhat nuuaeuting. I kept all the fluids at tln^ t(*mpera' 
ture of the rtmiu, which was nev<'r hot or coM, ami so they Itore a 
conatant relniitui io t he physiological ‘zero p»»int t>f the ohaerver ’a akin. 
Hee Kieaow, rhUm, Studirnl vol, 12 (imifl). p. dfll. 

cji The hottlea were mit labeled iu order, hut actntrdiug to an arbitrary 
Hvatem of which even tin* experimenter did not, then and there, have 
tlxe key. 

ni The amount of rinse water is a minor factor, ami y<*t it may aaaume 
Home importance when an efl’iiri is being made to keep the conditions 
perfectly uniform from one stimulatiiin to the next. I rather tlmught* 
iesaly followetl pr**c**<lent in allowing 4*ach observer to use his own 
diHcretiou iu this matter. 



208 University of California Puhlicutions in l^^yrholoyy LVol. i 


then closed his month, moved the stdutuui nhtuit witli his toiiirue 
and spit it out.^^ The (ihserver then expresstui lii.s jmlirment by 
“yes” or “no,” meaninjjf “salt” or “not salt. S(une ol»servers 
expressed judgment by a shake of the head and (nuittt‘d s[)ittin^ 
out the solution, taking the rinse water while tlu‘ solution was 
still in the mouth. All but tin* most eonseientious i»bservt‘rs oe<‘a- 
sionally swallowed the rinse wati‘r, almost invtduntnrily l and with 
it the one dose of salt) as the residt of thirst, itulutsul partly by 


li See Appendix IT. 

15 No doubt objection will still be riuule to tbe oxelttsion tif doubtful 
answers. In rep(»rtinfj; my exjx'^'buentw «»n **The Judjyjmiuit of Ijitterence** 
(page 28 of this volume of the present series), I tried to justify the 
exclusion, in general, (»f doubtful answers wheti those answers represent, 
not a distinct type of judgment, but rather the abMetice of any explicit 
judgment at all.* It woubl be useless to repont tho?ie arguments here; but 
there is one peculiarity of the present pnddem that malu's the case more 
than usually obviou.s.* Our uholo interest in the pr»*sent situation lies 
in determining whether the tdiserver <ioes or does not have a p?irticular 
sensation. A doubtful answer frt»m him has no signitlcartce at all, Noni' 
inally it signities a .sort of intermedtate state between sensati<in and 
absence of sensation. The answer *M don’t Know” to the question ‘‘Do 
you taste salt?” means either that mt salt w'as tasted or that the 
observer was incapable at the time of maKing a ratii»nal judgment. 
Under no circumstance.H can it iinmii that he had a half taste jif salt or 
that w'hat he tasted was half salt and half water. Psychophysics must 
run wild in its attempt to measure sensations before it can undertake 
to count up fractious of .sensations. 

A good example of tne absunlity arising from the a«lmi»siou of 
doubtful answers can be seen in the w«irK of liembergcr, dre/i. d, ff(H, 
PhyaioL, voJ, 1211 (UhW), p. ;{(i4, in eomparing sugar with saccharine. 
In only eight out of a total of Id cases in one sene^i was the sensation 
reported, and yet this 'JO per cent of positive judgnouits mounts to tit) 
per cent by the inclusion <»f the doubtful cases, of which there were JIU. 
In other w^ords, HI nositive eases are derived ffMin the doubtful column, 
when there were only H truly positive cases. Two thirds of the pt»sitive 
judgments reporteil for this solution arose from situaiions in which the 
observer was really unable tf» make any judgment at alb This is 
inerelv a horrible example, taken from %vhat is in manv ways an ailmir' 
able piece of work, of the dangers of allowing states of uncertainty 
to figure in a statistical array t»f explicit judgments, U seems to rne 
that there is no way of getting .iudgments upon a eoncrete situation 
except to ask for them. Hurely it is not ret|uiririg too much to ask a 
person to report whether he tastes <»r do«<s not tiist*-' salt. If \w ifoes not 
taste salt, all he has to <lo is to say s«. As a matter of fact, none of 
my observers, many of whom were entirely new t»» work of this sort, 
had the slightest ilitticulty in meeting Ihene reoiiiremetit?i, They were 
told beforehand that there were SMiiie of the srdutifUi^ that tasted salt 
and others that did not, and that they were to de»'ide which were which, 
and that they must tlecide in every case. They tb-cided evi^ry time, and 
there was seldom any hesitation, The tablets ^^how that wome of them, 
at any rate, were exceedingly consmtent in theiie decisions, 

B<ime light may be obtained on the true nature of the ‘Hluubtfur* 
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the sisjrht atul taste of the water itself and partly by the eoiitinnal 
loss of saliva and eonse<iuent dryness of the throat. 

While the mouth was beiii}' rinsed the expi'rinumter was prc- 
parintt the next pipette and enterinj' the .judfiiment. As soon as 
the rinse water ha<l iH'tm spit out, tlie next pipette was handed 
to the oi)server. Tiiis routine was eontinuetl until the series of 
fifteen or sixteen solutions luul been }j:one through onet*; then a 
two-niinute rest was taken, ami t lum t.h<^ routine was re.sumed.‘* 

answer bv an inspoi*tion ot tmo of I ho tables publishtHl by (bimoror, 
Ztseh, f. iiioL vol. l!l (lHsr»), p. im. 

Tho (listribiition of nns\v«*rs foiital by <*nmort‘r whtai th<»ro woro bit tor, 
3 Siilt, anti ii waiter cns<*s in oaoii sorios. Tho Jiulj^niontH aro jyivon in por 
cent out of for t‘a<*h Huhitiou f(»r <*nt*h of twt> olvnorvors. Tho uppor 
niimbor rofors to Obsorvor I, tho lowor to Obsorvor IL Tho mothod of 
work was ** unwissontlichos, jjomisfht * ’ as in our (»wn oxporiinonts, 

SnU SiilutlmiH Qululno Stdut U»uh 



No. 2 

No. a 

Nit. H 

No. 1 

No, l.fi 

No. a 

Wnr*r Water 

“Hult" 

1*7.5 

dd.li 

IIH.7 





0.6 


iVJ.5 

7l.h 

l»H.7 





.... 

“Hitter” 

l.b 



41.3 

55.(1 

SI. I) 

lO.O 

1.0 


n.d 



<14.4 

Na.i 

iltl.tl 

1.3 

0,0 

“Water” 

•ja.i 

H.4 


3H.7 

3(i.ei 

0.3 

81.1 

8.5.0 


lodi 

:i,7 


<U» 

l.K 

0.0 

03.5 

07.5 


4l.lt 

31. 

1.3 

1.3 

1.3 


0.0 

3.7 


• »o r, 

IU.4 


tl.« 





* ITnoortain, por- 

'J.o 

1.3 


3<1.3 

3l.lt 

10.0 

7.5 

5.6 

haps bittor^' 

o.d 

i\A\ 


33.r, 

10.0 

7.5 

5.0 

1.3 

* Not wator, aad 









and not suroly 

3.1 

O.tl 


3.5 

0.0 

l.l) 

0.0 

3.1 

salt <»r bittor” 

s.l 

4.4 

1.3 

5.(1 

4.4 

1.3 

0.0 


No jud^mont 


o.d 







.... 






0.0 


0.0 

0.6 


Horn tbr<M» salt, throo tiittor, and two vrator stimuli mumrrod in flut sorios. 
Jn this caso tho jmiji:monts **unrortain, porhaps salt*’ or ‘‘unftortain, por- 
haps bittor” shoubi r«»aUy bo Hstod as <u»rroot judj«;montH, Thoy nro us apt 
to bo ri^ht as tho “suroly sailt” or “suroly bittor/- Tho judjfmont **not 
wator ami not suroly salt or bittor** is oorroot in so far as it stamls 
for a Honsatbui whioh is positivo dmt not tdf*ar as to quality. **No 
judj^mout” j^ivoM praotioally m» roturns at nil; tlu^ro was alwuiys a 
judf^mont. Uridor thoso oiroumstanoos it booturioH ovidont that tho 
doubtful nnswors, insttaul of tjoiriK half rijjjht an<l half wron|jr, uro 
nonriy all ri^ht. 

llmior tjrdinury oir<*umHtano«*s, whon tho nltornativo of ‘^salt*^ or **«ot 
salt” is otTorotl, tho Judj^mont * * uncortain ^ * moans “unoortain, porhaps 
fialt’^ as in this tnbb’ <»f <*amoror’H. It is Hbsur<l to dooido n priori that 
half or any part of thoso jmijjmonts nro wron^, Tlio rntitinal thin^ to 
<l<> is to oxfludt' Huoh judji'mouts from tho start. 

'«Tho int<‘rval botwoon suooossivo stimulatiims was muoh loss than 
is customary in such oxporimontH. <'aroful proliminary oxporimonts indi- 
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The experimenters fall into two j^ronps. The ohstTvers in 
the first jj:roup were students in the University of ('’aliforuia Sum- 
mer Session of 1910 who were douijx their first work in (*xperi- 
mental psychology. There were ei.e:ht of tluun, oi wluuu five were 
mature and experienced pei*sons; the others wt*re (‘olle^e stiuh'nts. 
They received no preliminary training' and were aillowtsl only a 
few trials lu'fore they l)e^an the actual work of the t'xpt^riment. 
Their observations W(Te made under my <we anti with my ludp 
by fellow-students. They each pusst»d forty jud.yrnents on each 
of the sixtecm ‘^stnmfs^” solutions (st‘e p. 20<n, Tln^ data from 
these observations are ^dven in the curv(*s of Plates 1 and 2, and 
in Table XVIII. In the same ^roup with th<‘m ar<» th<‘ data from 
oKserver Libbin, a j^rraduatt^ studtmt withtmt pn^vitais hd>oratory 
training;. In tin* case of this <»hst»rv<‘r. howt*vt‘!\ an t*xtended 
period of tentative ex[)erinumt with <dher intensities of salt and 
other in(>d<*s of jud]Lrm(‘nt pn*c<*disl the forty judy:mt*nts for which 
the curve is <lrnwn. 

The e.xperimtmts of tin* stM‘on<l irrotip were all iM'rftumied by 
the writ<‘r himself during: the year PJKt 11. In th*»se cust»s the 
ord(»r of suee<*ssion <d‘ the judy:!ueuts was reeonbsL OUserver 
Not(‘ware, wlio iuul already made forty roumls td’ jmh^ments in 
the .summer on the “stronj^” series, now made f<n*ty more the 

cate<l jtKijjmenfs he miole in riipia «tu'ee^e<ii»u without any mori^ 

ciiflU'.ulty than wlien they wen' maOe at loaj'or intervals, The rate u«otl 
was that at which the work of fast ini? ritiMini? on the part of th« 
obaerver ami reeonlini? (»n the part «»f the ejtio'riinenter eoultl he earrieil 
on without interruption, fi»r u nerteH of fifteen nr aixtf'en jud^mentn. At 
the en<i of Hueh ii series a rest c»f two miiiuti's wum taken. Sjune eight 
series of fifteen jtnigim'nfs were usually made in a ftfty minute sitting, or 
ah(»ui three judgments per minute. Thi’< rat** seeuis fast eompuretl with 
the h'isun'ly methods some <»f the early invest igattirs (ramerer’n 
observers studied voeahuluries <turtng intervals of tw'o and a half minutes) 
l)Ut I feel eottfident that it is wise to work on ^ateh experiments eon,« 
timiously with stistained attention instead af allowing the tthserver^s 
mirnl t<t wander off into either paths frotn who'h it must again soem he 
reealleel to w<*rk. t’ontinuously sustained attention demands far less 
energy than eemtinuously renewed attention to such monotonous tasks; 
the number of judgments made at a sitting is greater, and there is no 
evitienee that thi'V are in any respect inferior. 

While we ought, tentatively, to adopt the most ettieient programme 
for such work, refusing to use more time than is clemonstrahly necessary, 
direct experiments are reoutreil to diseover the limits within which it 
is desirable to ** speed up’^ in psychological laboratories. 



1914] Broivn: The Judgment of Very Weak Sensory Stimuli 211 

following spring on the “weak” series (see Plate 3, fig. 3.) Ob- 
server Kohlberg, a senior student working for the second year 
in the laboratory, made eighty rounds of judgments on the 
“strong” series without preliminary practice (see Plate 1). 
Observer von der Nienburg, of like training, after preliminary 
practice made 120 rounds of judgments (1800 in all) on the 
“weak” series, of which only the last hundred rounds are re- 
garded in some of the tables (see Plate 3, fig. 1.) She later made 
forty-five rounds on the “strong” series, of which only the last 
forty have been counted (see Plate 2.) Observer Levy, a gradu- 
ate student with several years’ experience in the laboratory, 
made eighty rounds on the “weak” series after a good deal of 
practice on somewhat stronger and weaker stimuli, devoted to 
determining the best intensities with which to work (see Plate 3, 
fig. 2.) 
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III 

DIFFICULTIES TO BE CONSIDERED IN THE 
EXPERIMENT 

A. Practice, Adaptation, and Fatigue 

Tables I-V show for four observers the number of series of 
fifteen or sixteen judgments made at each sitting and, at the 
bottom, the average number of positive judgments given in the 
course of each of these successive series. These averages are all 
shown together in Table VI. If the very rapid rate of presenta- 
tion exercised a bad influence on the observer, we might expect 
it to appear in these tables as a fatigue effect. That is, the num- 
ber of positive judgments might steadily increase (or decrease) 


Tables Showing the Number op Positive Judgments in Each 
OP 16 (or 15) Stimuli on Each Day op 'Work 


Table I 

Observer Miss Kohlbebg 
16 Strong Stimuli 


Bound 

1 

2 

3 

4 

5 

6 

7 

8 

Average 

Sept. 21 

10 

12 

10 

14 

.... 

.... 

.... 


11.5 

26 

9 

10 

10 

9 

9 




.... 

9.4 

Oct. 3 

10 

10 

11 

11 

11 

10 

10 

6 

9.9 

10 

10 

5 

8 

7 

7 

10 



.... 

7.8 

17 

11 

7 

8 

7 

7 

9 



.... 

8.2 

31 

10 

7 

8 

8 

7 

10 

8 

.... 

8.3 

Nov. 7 

9 

9 

7 

9 

10 

9 

9 

.... 

8.9 

14 

8 

5 

9 

9 

8 

9 

8 

.... 

8.0 

21 

8 

9 

9 

9 

6 

7 

7 

.... 

7.9 

28 

8 

8 

8 

8 

7 

6 

7 

6 

7.3 

30 

11 

9 

9 

8 

9 

10 

8 

11 

9.4 

Dec. 5 

10 

8 

8 

6 

6 

6 

9 

.... 

7.8 

Av. per round 9.5 

8.3 

8.8 

8.8 

8.0 

8.6 

8.3 

7.7 

8.6 
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Table II 

Observer Miss von der Nienburg 


16 Strong Solutions 


Bound 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Average 

Nov. 24 

10* 

10* 

10* 

11* 

11* 

11 

12 

10 

.... 

.... 

10.6 

28 

12 

14 

15 

15 

15 

14 

15 

15 

15 

.... 

14.4 

30 

14 

15 

14 

13 

13 

13 

15 

12 

14 



13.7 

Dec. 5 

15 

15 

14 

16 

15 

14 

14 

15 

14 

.... 

14.9 

7 

15 

15 

15 

16 

13 

13 

14 

15 

14 

16 

14.6 

Average 

— 

— 



— 

— 





— 

— 

per round 

13.2 

13.8 

13.6 

14.2 

13.4 

13.0 

14.0 

13.4 

14.2 

16.0 

13.7 


* Not included in other tables. 


Table III 

Observer Miss von der Nienburg 
15 Weak Solutions 


Bound 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Average 

Sept. 26* 

14 

13 

12 

11 

14 

.... 

.... 

.... 



12.8 

28* 

10 

11 

8 

8 

5 

6 

6 

8 

.... 

7.8 

Oct. 3* 

10 

7 

5 

9 

8 

9 

7 

.... 

.... 

7.9 

5 

5 

3 

5 

2 

4 

3 

3 

5 

3 

3.66 

10 

4 

5 

4 

6 

6 

6 

4 

4 

.... 

4.88 

12 

3 

5 

5 

4 

4 

4 

3 



.... 

4.00 

17 

4 

3 

4 

2 

2 

4 

4 



.... 

3.27 

24 

3 

3 

2 

3 

3 

2 

2 





2.59 

26 

1 

1 

2 

1 

0 

3 

2 

2 



1.50 

31 

3 

2 

2 

2 

2 

2 

3 

.... 



2.28 

Nov. 2 

3 

2 

3 

2 

2 

1 

1 





2.00 

7 

2 

2 

3 

3 

2 

1 

2 

3 

.... 

2.25 

9 

4 

6 

2 

3 

1 

3 

4 

4 



3.38 

14 

5 

3 

4 

3 

4 

5 

2 

1 



3.38 

16 

6 

4 

4 

4 

4 

3 

5 

4 



4.00 

21 

6 

4 

1 

5 

4 

2 

3 

4 


3.63 

Average 


— 



— 

— 

— 

— 

— 

— 

per round 

3.77 

3.31 

3.15 

3.08 

2.92 

3.00 

2.92 

3.38 

3.00 

3.18 


* The observations made on these days are not included in other 
tables, nor in the averages at the foot of this table. 
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Table IV 

Observer Mr. Levy 


15 Weak 


Round 

1 

2 

n 

4 

5 

« 

7 

A V*' rage 

Sept. 30 

4 

a 

7 

5 

7 

7 


6,3 

Oet. 8 

5 

6 

5 

4 

5 

7 

5 

5.3 

12 

8 

6 

9 

5 

8 

7 

9 

7.4 

24 

6 

10 

7 

6 

5 

6 

. 

6.7 

29 

8 

9 

5 

10 

7 

10 


8.2 

Nov. 3 

9 

4 

6 

6 

8 



6.6 

18 

8 

7 

6 

.. 

.. 



7,0 

25 

7 

8 

6 

6 

7 

7 


6.8 

Dee. 2 

8 

6 

6 

6 

7 

5 


6.3 

9 

6 

8 

8 

6 

6 

.. 


6.8 

Deb. 3 

8 

6 

7 

8 

8 

.. 


7.4 

10 

7 

7 

6 

8 

5 

7 


6.7 

17 

6 

5 

10 

7 

6 

9 

7 

7.1 

24 

5 

5 

7 

7 

6 



6.0 

Average per round 

6.8 

6.8 

6,8 

6,5 

6.5 

7.2 

7.0 

6.75 


TahIiE V 

Observer Mi«h NtJTEWARK 


15 Weak Solutions 


Round 

1 

2 

n 

4 

r. 

u 

7 

H 

Average 

Feb. 24 

6 

7 

4 

7 

7 

9 

5 

6 

6.4 

Mar. 3 

7 

7 

6 

9 

7 

8 

13 

6 

8.0 

10 

6 

8 

10 

5 

7 

7 

6 

7 

7.0 

17 

9 

10 

7 

9 

10 

It) 

U) 

U 

9.5 

24 

9 

11 

8 

9 

8 

7 

8 

7 

8.4 

Av. per round 

7.4 

8.6 

7.0 

7.8 

7.8 

8,2 

8.4 

7,6 

7.85 


with the advance of the hour. One olmerver only, Mins von dcr 
Nienburg, and in only one of h<*r tw^o Hcrwn (Tn!)Ie I ID. gave leas 
and less positive jiulgrnentH from round to rouml. Oliserver 
Kohlberg (Table I) gave more positive judgments f>n the first 
round, but showed no deerejist* hFUt the seeoml rcmnd. The 
other two observers showed no regular ehangt^ at nil during the 
sitting. 
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Reference, will be made later (p. 218) to certain piirely ^‘een- 
traP’ or subjective factors which inthuuice the attitude of the 
observer and d(‘ternuue rouj^hly the proportion of positive and 
negative jutlgments in a seritvs. For obstTver von d(‘r Nienburg 
these factors tend to reduce the uiuuber of positive, judgments 
in the *Sveak” s<‘rlt‘s and to increjise them in the ^‘strong’’ 
series. Tlu‘se factors account for a progreasive change in the 
proportion of [Hisitivt^ jiuigments duriiig th(‘ course of th(‘ sitting; 
and such an account hohls for both of the aeries with this observer, 
whereas th(‘ (dT<*ct can lu‘ ascribed to fatigu<‘ in only one of the 
series. 


Taiu.k VI 

Showing ths Avkka<jk Nt^MSKit or Po.sitivk Jiukimicnts (urr or 15 oit 16 
(UvKN ON KA<‘n Hifccas.sivu; Koono I>irHiNG an Iloirii's Hitting 

Hmtul 1 C li 4 r» « 7 8 » 

Miss K. out of IG Htrontj HolutioiiH 0.5 H.:i H.H H.H 8.0 H.6 H.IP 7,V 

MIhh V. <1. N. out of Ml Ntroug milutionH lU.C UIH i:i.6 M.li 15.4 l.'U) 14.0 13.4 
MiHH V. d. N. <»ut of 15 wojilt nolutioiis 3.77 3.31 3.15 3.08 3.03 3.U0 3.02 3.38* .... 

Mr. L. out t*f 15 weak «ohitionH il.H 6,8 6.H 6.5 6,5 7.3* 7.0“ 

Mi8H W (»ut of 15 weak HolutiniiH 7.4 8.6 7.(1 7.8 7.8 8.3 8.4 7.6 

’ KcHuItH <d>tnin<*<l oti only S of 13 nittingH. 

* UcHuIlH ohtniiU'd on only 3 of 13 nitting.s. 

* I{<‘SultH ohtniionl on only 4 of 5 nittingM. 

* RcKuItH ohtaiiMMi on only 8 <if 13 Mittinga. 

* UeHultH <»!itain<Ml on only 0 <if 14 sittingw. 

“ UeHuItN <)htnined <ui c»uly 3 of 14 HittingM. 

^ Five HittingH. 


On tlu* whole, tlierc .seems to ho m> rtsison F(»r supposing that? 
th(‘ rnpi<l sms’cssion (d’ stimuli tended to <iull th<‘ siuisory acuity 
of any (»f the olKS(‘rvcr*8. 

The rurth(*r question remains whether an ai ft er«<‘ fleet per- 
sisted from om* stimulus to the next, s<» that th<‘ su(»e(‘.s8iv<‘ 
stimulations int<‘rlVre<l with one another. 

H. (’UNTHAST 

It might he supjMisf’<l that if th<* stimuli w<*rc‘ appPusl in too 
rapi<l sueeession there w<aihi he <listurlung piisitivt^ after-^cdrtsd.H, 
i.e., that tin* <dTeets of strong {sjsitive stimuli wtndd persist after 
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O ^ <D 

•H § f 

O ^ }>s 

(D 

(O ^ 
O ^ 


CO t- iO lo 

lO O 00 fc«. 

iA UO CQ (M 


^ fe 

& S Hd 

® ^ § 
r=J <» ” 

15 

OQ E-f S 


I £ 


C 5 O i>. 

!>. CO CO CQ 

Cvl CQ «-l rH 


CJ rS C? 

-P § S=I 

J I ^ 

.A (3^) CQ 

S -*-* 

^ fH 


Weaker means a stimulus weaker than the one being judged. 
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their removal ami be carried over to the next stimulus. Table 
VII shows that in every instance in which a record was kept of 
the order of the succ(‘ssivt^ judi>:inents a m\e:ative after-effect, or 
what is ordinarily calltHl contrast, appeared. If the .solution 
which is beinjr tasted is stronjrer than the one preceding, there 
is a temh'ney to call it salt; hut if it is weaker than the preceding 
there is an <M[uaUy strong tendency to call it water.^'^ It should 
be observed that three of the four observers w<'re judging of very 
weak stimuli, and that for two of them (the last two in the 
table) none o( tin* stimuli wen* chmrly salt, althotigh l)oth of 
the observtu’s oft(*n said that salt was clearly prt‘S(mt. 

Since* oliservt*r v<in dt*r Nienburg gav(‘ a very larg<* proportion 
of positive answi*rs in the “strong” H«*ries, a Ht*parate presenta- 
tion is made of tlu* n‘sults arb‘r excluding the ten strongest of 
the.se solid i(ms. Only <uu‘ negative judgmerd. occurred on any 
of th<‘.s(* tt‘n .solutions. F<»r the r(‘maining si.\ .solutions the pro- 
portion of posit iv(* an.swers is normally t»7 p(»r cent, but when 
till* prectsling stimulus has be<*n weaker the proportion of positive 
answers rises to 85.H per cent. 


17 Si'o p. mo ft»r II furthi^r .statement, of the metliod of Hccuriug thtme 
fuctH. 
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IV 

THE DEPENDENCE OF SENSORY JUDGMENTS ON 
CENTRAL CONDITIONS 

The chief aim in inulertukiu^ the ^roitp of experi- 

ments was to show that <*very jndijrmeiit we ninkis im nuitter how 
simple the subjeet-matter, is eontUtiontnl to a very lar^^* ext(‘ut 
by inward or ‘‘subjective” faetoi*s. Such fnetors are more 
properly dosif^nated “central” in contradistinetitui to the peri- 
pheral factors whiclu in otie way <»r nnothiT, Ciunpel the indi- 
vidual to make a r<*acti<»n. The central fnctors uiay be thoie^ht 
of as the condition of the orj^anisin itself modifyinjiC its r<‘action. 
Obviously diff<‘rent orj^unisnus react <UtTert*ntly to the same 
stimulus, and one rens{>n is to Ih» found in the tlitTcrent cap- 
acities which dirtVrent individuals have. Sti. ttiu, the same 
organism do(*s riot always react in the same way to stimuli which 
are apparently identical, and in this cast* the ditTerem*e in reac- 
tion may be thought <d’ as dm* tt» the ditTerent <*cmdition <»f the 
organism. Such a ditrerence in c<»ndition ctmstitntt^s a “centrar’ 
factor in the reaction. 

In the case <d* the judguomt tif tlilTerence^** it was found that 
small difrenmces in th<* task itssigned. or small ilitVercnccs in 
the mode of react i<m <ieman<led. luul the efftsd of altering <*<m- 
siderably the <»bserver s judgment in situatioUsS which wen* other- 
wise precisely ecjuivalent. M<»reovcr, a ehangt* in the arrange- 
ment of the subject-matter so that a particular **asr appeared 
in different company so altcn*d the general nttittidc (»f the 
observer that his jmlguient wotdd !>** affected. When, for 
instance, all the differences lietween the weights which be was 
judging w^cre small, he cotdil jtidge very smalt on**>i cnmpi'tcutly ; 
but let tin* same task be given when coarser differeners wen* being 

Jutigmciii uf lUffcn-ac**,* ^ ji. Ti\* of thi?* 
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judged, then tlie eoutrul coiulitious wore no longer favorable for 
such accurate jiulgment. 

The judgment of diffi^renee is a comparatively complicated 
undertaking. TIu^ judgment of sensory stinudi is generally sup- 
posed to be mueii sinipUu*. Is it still true in the simpler case 
that central conditions play an active part in the formation of 
judgments? Then* is no <{ueslion here of the distinction between 
sensation and perct‘ption or of tlie association proc<*sses neces- 
sarily involved in tin* recognition of a stimulus. The piiiut is 
whether (here an* changes in tin* attitude of the observer which 
affect his capacity to perf<u*m his part in sensation, no matter 
wliat that part is. 


A. Thk iNKurKNcn*: ok Su(’(u*:ssivk JmxiMKNTS osr Onk Anotuku 

AS A DiSTtrUlUNO (tSNTKAU FaOTOU 

In th<* S(*(*on<l group of experiments, (*mbraeing om* liundred 
rounds of w<*alv stimuli arnl forty roiinds of strong stimuli with 
obs<*rv(*r von <ier Ni(‘nburg, <*ighty rounds <d* strong stimuli with 
observ(‘r Kohiberg, forty rounds of weak stimuli with observer 
Notewan*. ami <*ighty rounds of weak stinudi with oUserver Ijevy, 
a reconi was kept, of tin* (»rder of presentation of the stimuli. A 
saiiiph* n*cord sln*i‘t for (un* of thesi* IMO st*rii*s is shown on page 
220. From these original record sheets, tally sh(*ets wi‘re juade 
up, (d’ which a sample appears on page 221, showing the complete 
distribution of all tin* judgments p)usse<l on eaeh stimulus. Tak- 
ing all the p(»sitiv<* jmlgments for that solution, tln^ tally sh<*et 
shows how maiiy w<*re preceded by solutions stronger than the 
one in qu<*Htion and how nuiny were pre<M*<led by a solution w<‘aker 
than tin* om* in (luestion. Theii, further, the tally sln*t*t show's 
the number of pr(‘C<*tiing cas<*H whieli wen* judged salt ami the 
number which were judged not salt. And so for the various 
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combinations, so that the footinir up of the tally nheets for an 
individual observer gives all the jiulgmeuts in tlie following 
categories : 

A, Positive judgments, 

B. Negative judgments, ‘*tu*t Halt.’* 

Al. Positive judgmenta preceded hy a Jutltjmrnt i»n a soUuioh 

stronger than tiie one in tpu^stiiin, 

A2. Positive judgments precetled hy a nttjtitivr jutittmrHt t%n n Hoiution 
stronger than the one in question. 

A3. Positive judgments prece<le<i hy a pthutire jutigmrni t»n n milutkm 
weaker than the one in question. 

A4. Positive jiulgments preceded hy a negtitur jutlgment mt u sulntion 
weaker than the «ne in question. 

A5. Positive judgments precetled hy nothin g, that is, the stimulus wag 
given after a rest. 

Bl, 2, 3, 4, 5, The same as ahovt*. except that negative JutlgmeiitM are 
considered insttmd of pt»sitive ones. 


Sami'I.k Ur,t‘<mn Sit^rr 

Obseuvkk Mihs Notkwahk. NtAttfii III. Hiu .sq» Ka. 

12a 4 f» fl 7 H M to tt t2 11 14 15 




-I 


” means meao^ •*«..! salt.” 

The letters at the left are the arhifrury ..f the mduttfOis. This 

was the 40th series, or round, for tluN idim^rver and the prearranged pro- 
gramme required it to begin with solutinfi K; thin wa^» the th»rd time that 
K had come around to the heat! of the *’ach H»diitit»ii croning first 

in turn. The ntimhers at the head of the tahh’ give the st^qtnutce iif the 
judgments. The record sheet shows what solution and what juflgmcut 
preceded any given case. 


A 

B 

C 

D 

E 

P 

G 

H 

I 

J 

K 

L 

M 

N 

0 
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Sample Tally Sheet 


Observer Mr, Levy. Weak Solutions. Solution D = 0.25% 




— 

— 

Q 

+ 

+ 


Positive judgments 


— 

+ 

0 

+ 

— 

— — 

on B preceded by: — 

— 

— 

— 

p 

— 

— 



— 

+ 

— 

K 

— 

— 




+ 

— 

A 

— • 

— 

— 




+ 

N 

+ 






— 

a 

— 



+ 

+ 

+ 


C 

+ 

— 

— + 



— 

— 

J 

— 

+ 

+ + 





B 

— 

+ 

+ 





(I>) 




+ 

+ 

— 


L 

— 

+ 

+ 



+ 

— 

M 

+ 

+ 



+ 

— 

+ 

H 

+ 

+ 



— 

— 

— 

E 

+ 

+ 




0 

0 Nothing 

0 

0 0 0 


Negative judgments 
on D preceded by: 


A positive (+) judgment on solution D was preceded by: 


Positive judgments on solutions weaker than D 7 times 

Positive judgments on solutions stronger than D 5 times 

Negative judgments on solutions weaker than I> 14 times 

Negative judgments on solutions stronger than L 7 times 

Nothing, i.e., this solution was the first in the series 2 times 

A negative ( — ) judgment on solution D was preceded by: 

Positive judgments on solutions weaker than D 12 times 

Positive judgments on solutions stronger than D 9 times 

Negative judgments on solutions weaker than D 19 times 

Negative judgments on solutions stronger than D 1 time 

Notning, i.e., this solution was the first in the series 4 times 


The solutions are arranged in order of intensity from the top down 
to the strongest. On the left the table shows what happened each time 
just before solution D was called salt. On the right, what happened just 
before solution D was called not salt. Thus solution L was given 4 times 
before solution D was called salt; in 2 of these cases L was called salt 
itself, an». in 2 not. L was given 3 times just before D was called not 
salt; on 2 of these 3 occasions L was itself called salt, the other time not. 
Six times D came nrst, so that nothing came before it; on 2 of these 
occasions it was called salt, the other 4 times not. Like all the other 
solutions in this series I> was judged 80 times; 35 times it was called 
salt and 45 times not. See Table XI, solution 0.25 per cent, for the final 
tabulation of the data from this tally sheet. 
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Tables VIII to XTI show tho results uhtuitietl from ea<‘h per- 
son for each solution. In Table XIII tluu-e is a statement of the 
final results with regard to the juKsitive judirnumts for each per- 
son. The results for negative judtrriients are merely ecanph*. 
mentary to these. 

The g'cneral method here tnnpU>yed Is t<» tiiul the total num- 
ber of positive judpnents in any one tif tfte alutve eatt‘irorie.s and 
then to find the proportion of them whiidi bail tuie kiml <»f ante- 
cedent and the proportion of them which timl anotlun* kind. The 
result is expressed in ptT <‘t‘nt. ami it thus bet»ome.s possil>lo to 
measure the effect of the anteetulents tip*m the jmhnmmt. This 
method has already h<*en empl<»yed in asi^ertnininir the fact men- 
tioned on pa^e 217 — that all of the ol«4ervfU‘s, hut stmie noire tlis- 
tinctly than others, show a tendeney to rail a solution salt mon* 


Taiu.k VIII 


OusKttVKR Ivoin.HKtto. Uoffsos vr SruMsu 8 mm rmss 

srr. Hinot^er than the one in 
rn: ponitive juiljjaient tif mhU 


Sol. in 
% NaOl 

r ^ 

wmk 

f jdrnt. 

strong 

l»y : 

wouk atrong 

(» jilmt. 
n%i\. 

i 

w»’aU 

lihnf 

Jill’* 

Mt’ilW 

liv 

Dtrxng 

M jcimt) 
M »ol. 

0.0% 

0 

0 

0 

0 

0 

0 

OH 

0 


.1 

0.1 

0 

0 

0 

I 

0 

0 

39 

<1 

32 

5 

0.2 

0 

4 

0 

0 

fl 

II 

11* 

3 

19 

5 

0.3 

0 

3 

3 

I 

I 

0 

13 

a 

19 

\ 

0.4 

0 

6 

*» 

I 


I 


!2 

IS 

3 

0.5 

1 

7 

0 

3 

0 


m 

9 

7 

5 

0.6 

1 

21 

11 

1 

•» 

0 

20 

9 

r» 

4 

0.7 

4 

10 

27 

i> 

0 


17 

9 

4 

5 

O.S 

5 

13 

2H 

0 

0 

I 

15 

n 

a 

4 

0.9 

7 

17 

30 

I 

4 

0 

a 

H 

0 

1 

1.0 

11 

17 

35 

•» 

a 

I 

« 

3 

1} 

*) 

1.1 

19 

14 

33 

1 

5 

«» 

a 

3 

n 

0 

1.2 

20 

15 

38 

0 

4 

0 

0 

2 

n 

1 

1.3 

30 

7 

35 

0 

4 

1 

1 

1 

0 

1 

1.4 

36 

5 

33 

0 

a 

1 

(1 

(1 

0 

U 

1.5 

43 

0 

32 

0 

4 

ii 

0 

0 

0 

1 

Total 

177 

141 

319 

16 

32 

11 

315 

79 

M2 

■IS 
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TAIUiK IX 

Observer von der NiENRiiRa. 40 lUniNns of Strong Sotattions 
= HtrGn}?or than tlu> one in question 





= positive judgment of salt 






4“ j<hut. preoeded hy: 



jdiut. 

pp'codt'd hy: 


Sol. in 
% NaCl 

' 4' 
weak 

4’ 

; fltroiiK 

weak 

Htronur 

0 jdmt 
0 aol. 

^ 1 

w«*ak 

HtroiiK wonk 

HtnuiK 

0 

0 

0.0% 

0 

14 

0 

0 

2 

0 

22 

0 

0 

0 

0.1 

0 

14 

0 

1 

o 

0 

21 

0 

1 

1 

0,2 

1 

17 

1 

0 


0 

17 

0 

1 

1 

o.:i 

2 

24 

,2 

0 

2 

0 

5 

2 

0 

0 

0.4 

7 

20 

2 

0 

«» 

0 


0 

0 

0 

0.5 

4 

20 

2 

0 


0 

0 

1 

0 

0 

0.(> 

10 

25 

2 

0 


0 

0 

0 

0 

0 

0.7 

15 

17 

5 

0 

.> 

0 

1 

0 

0 

0 

O.H 

i:i 

19 

5 

0 

2 

0 

0 

0 

0 

0 

0.0 

IS 

12 

0 

0 

2 

0 

0 

0 

0 

0 

1,0 

10 

12 

0 

0 

2 

0 

0 

0 

0 

0 

1.1 

22 

11 

4 

0 

2 

0 

0 

0 

0 

0 

1.2 

22 

10 

4 

0 

2 

0 

0 

0 

0 

0 


:u 

2 

4 

0 


0 

0 

0 

0 

0 

1.4 

27 

0 

12 

0 

1 

0 

0 

0 

0 

0 

1.5 

:u 

0 

7 

0 

.» 

0 

0 

0 

0 

0 

Total" 

14 

125 

10 

1 

14 

0 

OS 

4 

o 

o 

Total! 

222 

225 

00 

1 

2H 

0 

09 

4 


»> 

* First. (] 

i, t .Ml 

10. 









oft<*n if it has pr<*<*<‘<lo<l by a weaker than if it has been pre- 
ceded by a stron^<‘r one.’” In the same* way one can t(‘ll wlndher 
a particular stinmlus is more* apt to be jud^n‘d salt if tlui one 
b(‘fon* it has la/en ju<b^<*<l salt. That is to say, we may (‘xpect to 
see a positive or a ntviraiivi* after-elTtsd. from c)ne stimulus affect- 
ing th<» judji'm<‘nt of th(» next ; arid alon^ with such a physioloKi<*Hl 
art(n*-eire<d. tlH*re may b<* a psychohadeal tend<*n(‘y to nw<‘rse th(» 
pn‘cedinj4: jml^unent or to repeat the pr<*(*edin{jf judjypmmt. Tal»l(^ 
XIV pn^siuits stmu‘ of tin* <lntH upon this point whieli an* included 
in Table XIII. Tabh* XIV is <lireetly c<miparabl<‘ to Table VII 
Oil <*ontrast. 

o»q’h<» Unhi which w'orc nrcHonfotl in Table Vll arc included in Tahio 
XIH, 
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Taui.e X 

Observer von ber Nienburq. 100 Hounds of Weak Solutions 

‘^strong = wtrunjjor than tho oru» in 
4. ’ ' pt^sitivo jiulgmout of salt 


-f’ jdmt. by: — jclmt. unH'iubnl by: 


Sol. in 
< : NaCl 

t — ^ * 

wt^uk 

'C 

Htronti 

: w«'ak 

KtrouK 

Ojtlmt. i 

0 st»l. wi'ttk 

l 

«trouK 

wintk fitronj? 

Oldmt) 

Osol. 

0.0% 

0 

0 

0 

7 

0 0 

15 

0 

(U» 

7 

O.OLM 

0 

1 

0 

5 

0 0 

15 

7 

«5 

7 

0.05 

0 

M 

1 

«» 

1 0 

21 

4 

02 

0 

0.075 

1 

0 

0 

0 

0 1 


22 

40 

7 

O.l 

0 

2 

0 

*» 

0 2 

12 

27 

47 

0 

0.125 

0 

1 

5 

«» 

0 1 

IS 

21 

42 

7 

0,15 

0 

1 

2 

0 

0 1 

15 

24 

22 

7 

0,175 

2 

V) 

a 

7 

0 2 

10 

42 

22 

5 

0.2 

0 

1 

12 

«» 

0 2 

10 

41 

25 

7 

0.225 

I 

1 

10 

5 

0 4 

n 

40 

12 

0 

0.25 

5 

5 

m 

5 

0 2 

u 

22 

12 

6 

0.275 

a 

2 

21 

•» 

2 7 

u 

22 

11 

5 

o.a 

5 

M 

20 

0 

1 7 

4 

44 


0 

0.225 

7 

tl 

2s 


1 

0 

20 

tt 

7 

0.25 

15 

0 

u 

0 

0 10 

0 

25 

0 

C 


*12 

20 

W7 

17 

5 40 

170 

400 

152 

0.5 

In 

tlu* <*a.s<*s 

of <ibsc 

•rvers 

Ia*vy and 

N(»tt‘vvnrt* 

we st‘t* 

a ten- 


{luriuy to ruvorsu thu jiult^munts friiiu ouo tiiou to tlio nuxt (Table 
XIV). Any pnrtioular jutlgmonl is inthiunutul liy th«» strength 
of the preeuiliug .stimulus, ami nl.st» it is iritluoneud by the 4\rpres- 
sion <if the preetsiing jmlgment. If tiie last solution was culled 
salt the present one is not so likely tt» bt‘ ealb*d .salt, regardless 
of the actual intensitie.s of the stimuli. Witlumt fully rt‘aliy.ing 
it themselves, both of these observers were doing a good deal of 
rather bliml guessing ami imeh of them was calling any par- 
ticular solnti(m salt almost a.s often ns not < see Plab* 11, Hgs. 2 
and 2.) They ‘^**<*^1 to have been lab<»ring umler the impression 
ff<u* which nt» justitiention eoubl be offeretlj that about half of 
the solutitms ought to taste salt. Such being their attitude, it 
is reflected in this teiideney to ke**p thimrs even by alternating 
p<tsitivi‘ ami n<*gntive judgmtuits. 
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Table XI 


OBaBiitVEii Lbjvy. ho Rounds op Wisak Solutions 

= Htrongor than tho one in qiiostion 
** 4" ■ ' = iu>Hitivo jiulj^nuMit of wilt 




f- jdmt. by: 



— jilmt. procotlod by; 


Sol. in 
f/o NaOl 

*t*. 

weak 

4- 

HtruTiK 

woak 

Htron^ 

Ojdmt. 4' 

0 Hill, wtuik 

4 

NtrouK 

w«‘ftk 

utrong; 

0 3 (lmtl 
0 aol. 

0.0% 

0 

15 

0 

20 

0 

0 

19 

0 

21 

5 

0.025 

»> 

a 

0 

a 

3 

3 

31 

i) 

19 

2 

0.05 

3 

5 

5 

II 

o 

I 

21 

c 

22 

3 

0.075 

3 

5 

1 

19 

3 

i\ 

19 

8 

14 

2 

0.1 

4 

4 

3 

0 

1 

5 

17 

15 

20 

5 

0,125 

3 

14 

14 

12 

»> 

4 

lf> 

0 

7 

3 

0.15 

0 

0 

7 

12 

(> 

5 

15 

11 

30 

3 

0.175 

0 

10 

0 

IS 

4 

4 

9 

10 

8 

«> 

0.2 

a 

0 

17 

0 

1 

13 

10 

9 

8 

4 

0.225 

13 

7 

10 

9 

o 

10 

3 

12 

10 

4 

0.25 

7 

5 

14 

7 

o 

12 

9 

19 

I 

4 

0.275 

10 

5 

13 

3 

1 

14 

5 

19 

0 

4 

0.3 

15 

5 

24 

M 

1 

9 

3 

15 

i) 

4 

0.325 

17 

3 

22 

3 

«l 

8 

1 

21 

0 

3 


10 

0 

32 

0 

I 

14 

0 

IS 

0 

5 

Total 

103 

102 

171 

137 

27 

lUS 

ISO 

171 

148 

53 


()l)S(*rv(*r Kohlbt^r^^ (Tablo XIII) shows a oontrast (‘fToot 
b(;twtM‘n th<‘ stimuli, liko that of tho otluu’s; that is, tho prob- 
airility of a positivo jiuli^:nunit is iiioroasod if tho stimulus just 
pr(H‘t‘<Uufj: was woal«T tlum tho ouo iu (pa‘st.ion. Hut thori* is 
also auoth<*r buulouoy at w<»rk, f<»r th<‘ (Muitrast (*fT(‘(!t is not 
(‘((ually mark(‘<l in all oasos. Whon thor<» is contrast ht*tw(‘on 
two solutions, A and H, the (»hH(»rv<*r is apt to attest the contrast 
hy cnllinjj: li salt if it is r(*nlly saltor than A, or vice versa, and 
this tomhmey <‘xists witlumt roKard to tluf juthrnuuit passisl upon 
A; hut tile striking: fact app(‘ars that this [(‘ndeney is strouKor 
if the jmlimnent of A was mistaken. Normally 54 p(*r e(‘nt of 
the jmlj^mmits in this s(^ries are positive, hut after w<‘Hk<»r solu- 
tions Ho p<‘r cent of them are p(»Hitive; after w<*ak(»r solutions 
which hav<* been eali<*<l **salt” 04 per cent of the jiulKments are 
positive (“salt'’), wliih* if the w<‘nkt*r preeedin^^ solution was 
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Table XII 

Observer Notewaee. 40 Bounds of Weak Solutions 

''strong^' = stronger than the one in question 
^ j j — positive judgment of salt 


+ jdmt. preceded by: — jdmt. ppceded by: 


Sol. in 

+ 

+ 





0 jdmt. 

+ 

+ 





0 jdmt. 

%NaCl 

weak 

strong 

weak strong 

0 sol. weak 

strong 

weak 

strong 

0 sol. 

0.0% 

0 

11 

0 

11 

1 

0 

12 

0 

4 

1 

0.025 

0 

3 

0 

6 

1 

2 

14 

1 

12 

1 

0.05 

0 

8 

4 

4 

1 

3 

11 

2 

5 

2 

0.075 

1 

6 

3 

6 

2 

0 

12 

3 

6 

1 

0.1 

0 

9 

4 

1 

3 

4 

9 

2 

8 

0 

0.125 

4 

7 

7 

6 

1 

3 

5 

2 

4 

1 

0.15 

2 

3 

7 

7 

1 

5 

7 

5 

1 

2 

0.175 

8 

4 

4 

7 

1 

2 

4 

7 

2 

1 

0.2 

7 

1 

9 

5 

2 

1 

5 

6 

3 

1 

0.225 

9 

1 

6 

4 

1 

5 

6 

3 

3 

2 

0.25 

7 

1 

7 

1 

2 

5 

3 

10 

2 

2 

0.275 

9 

3 

10 

5 

0 

5 

2 

3 

1 

2 

0.3 

11 

3 

5 

2 

2 

7 

4 

5 

1 

0 

0.825 

8 

1 

14 

1 

1 

6 

2 

5 

0 

2 

0.35 

9 

0 

11 

0 

2 

10 

0 

7 

0 

1 

Total 

75 

61 

91 

66 

21 

58 

96 

61 

52 

19 


called ‘‘not salt’’ only 78 per cent of the following judgments 
were positive. In other words, the effect of contrast between two 
stimuli is complicated by a tendency to repeat a judgment just 
made. This may be called a tendency to “iteration.” It should 
be observed, however, that the combined figures of Table XIY 
show a general tendency on the part of this observer in the oppo- 
site direction, i.e., to give more positive judgments following 
negative than following positive judgments. 

Two separate records are available for observer von der Nien- 
burg in this connection, one for the weak series and one for the 
strong series of stimuli. She was able to distinguish the salter 
from the less salt solutions very clearly in both series. In both 
series she shows the influence of contrast ; more markedly in the 
strong series, where more than half of the solutions were clearly 
salt. At the same time the tendency to iteration is seen to be 
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very strong. The number of positive judgments after a weak 
solution, or of negative judgments after a strong solution, already 
relatively large as the result of contrast, is greatly increased if 
the judgment to be made is a repetition of the one just made. 
In this observer the tendency to iteration is at work when the 
solutions are so strong that most of them taste distinctly salt, 
and it is no less evident when the solutions are so weak that very 
few of them appear salt. 

Thus it appears that for the two persons who were capable 
of fairly reliable observations a combination of circumstances 
in which a negative after-effect is reinforced by the fact that a 
positive judgment has just been made is peculiarly likely to 
elicit a* positive judgment upon the next stimulus. In any event 
it is clear that the comparatively simple judgment involved in 
perceiving a weak stimulus is influenced by factors which lie 
wholly within the individual who is making the judgment. 
Whether or not a sensation will appear as the result of any 
particular stimulation depends upon the intensity of the stimulus 
and the state of attention ; but it also depends upon other factors 
of a very different order. One of these factors, and an import- 
ant one, is the tendency to repeat the experience which has just 
been had. Even if the experience itself was illusory, it paves 
the way for another experience of the same kind. Not even the 
most elementary sense-experience appears in isolation. Its 
appearance is governed to some extent by the mental attitudes 
which precede and usher it into consciousness. 


B. The Influence op Surrounding Stimuli ; A Central Factor 
WHICH Dislocates the Threshold op Sensation 

The determination of the threshold is subject to another dis- 
turbing central factor. Compare the records for observers Levy 
and von der Nienburg on the weak series (Plate 3.) Both of 
them give more than 50 per cent of positive judgments on the 
two strongest solutions, but this fact does not have the same 
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significance in the two o^Lses. Mr. I-icvy i« habitunlly with 
his positive judgments, so that there an* 45 ptT eent ptmitive* <‘veii 
in the case of pxire water. In his east*, therefor, the 50 per (*t*ot 
point is at the very beginning of thing.s. On the otht*r hand. 
Miss von der Nienburg is always ehnry, in tliis series, of pewit ive 
judgments, and when she givew as many as fifty out of a hundn*d 
we may be sure that she bis a large miinhtw t»f eleur sensatums, 
for she does not often r<*port salt unless there is some tluTe. Jhit 
if we turn to the subsequent ree<»r<l of this same ohst*rver { v.<l.N.) 
with the stronger stimuli, we find that she also ean be proiiigal of 
positive judgments under the intlu<*nee of a ndatively large tiutti- 
ber of positive sensations (Plate 2.) In the weak seriiw, when 
the stimulus was water, she gave <mly nim* positive judgments 
of salt out of one hundr(*d; and for the s<dutit»n <»f 0.1 per cent 
she gave only five; in the strorig seritw she gave Hcvcniccn out of 
a possible forty positive ausw<»rs for botli water and the solution 
of 0.1 per eent. In the weak seruw the 5(1 per eont thresliohl 
wwild fall on a solution of 0.325 per eent and in the strong series 
it would fall (ui slightly umler 0.2 pt*r eent. <lr, stating tb* 
same relations som(‘\vhat diftVrently, the 50 per amt threshold 
stimulus of the W(*nk series giv<*s alrmwt SO jmt t'ent ptwitivt* 
judgments in the strong series. It is, <»r eomwe, out of the tjues* 
tion to suppas(* that tin* sensitivity ttf the observer is nppreeiably 
different in the two s(*rieH. On the etmtrary tin* greater !mmht*r 
of positive judgments on weak stimuli in tlu* strong series must 
be ascribed to tlie inertia cd* judgment by wbieb this observ(*r Ls 
led to give an undue pn»portit>n of judgmeids of the kimi that 
are aln^ady pnslominant in the series."” 

Let us see how tin* matter stands for olwerver N<»te\vare, who 
was the only other one taking part in both strong and weak 

20 iqjat this phenomen<jn <ii***M mU up<i« .Mperial nf 

time uikI phuM* tuny h«‘ s«M*n trom nu he^pertinn nf at' th»' 

Hitmh reporte<l by (?«mer<T vnl. fJ. isTo, p. *Pi:n. I« <»««' 

of his onUoavors t*> ri-iieh a thnvHhtiitl, n^'iuy^ a 7 annimi'h^r tub«^ 

to apply f.h<^ sohitiou, ho trieU weaker aatl weali««r SMiuti*»aM nfi 
(lays with the peculiar result that th*' weaker .MolutHOts uf Mue 4 ty j'.ave 
as many jamitive answers as the sirtuiger t»nes of the «tay liefure. Ity 
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series. 


In the strong series she j'ave, out of forty eases ; 

for water 0.0% 3 positive “salt” answers 

for solution 0, 1% 8 

0 . 2 % 1 

0.3% I 


But in the weak stn'it‘s slu* 
for wiitor 0.e% 
for Holuti(Ui 0.1% 
0 . 2 % 
0.3% 


^"uve, ajj:ain out of forty cases : 
23 positive answers 
17 
23 
23 


In the strong seri(‘.s, whieh ennu' first with her, the 50 per cent 
thnwiiohi stimulus is stronjK'r than a solution of 0.6 per cent. 
This is eonsidenibly stroiiKtT than the stronj'est solution to he 


eoniienHin^r his taiile wo j^rot the following: 
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/t Kidt 
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27 


3d day 

% p 08 . 

Hiilt jdnit. 


4th day 
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0.14 
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0.12 
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O.Il 

28 

0.11 

32 

().()() 

15 

0,10 

25 


0.09 8 

0.00 11 


hVoin thin it nppojirH that the Holutiou of 0.25 per cent, which was the 
Htrorig<'Hi <»n tht* second day, gave us many positive judgments as wore 
given hy the solution of 0.39 per cent which was the strongest of the 
preceding day, anti gave more than twice as many positive judgments 
us it had itsidf given on the preceding day when it was the weakest in 
th<‘ series. The phemirnemm continues very strong for three days, dis- 
appearing on lh<* fourth; but on a later occasion a solution as weak 
as tin' wealu'st in the seri«*H of the fourth day gave 79 per cent of right 
answiTs for the same two obs(*rv<*rH, or more than even the strongest solu- 
tion of the previous days. It should be noted that the ability to detect 
WHt<*r rmnnins about the same from <lay to day, so that the increasing 
numb(‘r of positive jiKlgmimts on the weaker solutions really moans a 
ketuier povv<*r of discrimination between water and salt. Oamiiror him- 
self attributes this plienomenon in part to practice, but in i>art to ^^un- 
conscious comparison*’ between the various solutions tasted on any one 
day. 

’For th(*s<* two observers the ‘‘abmdute threshold’’ depends very 
larg(dv upon th<» strength <»f th(» solutions entering into the series npon 
which* tin* tests are mad<‘. The threshold is lower in a group of weak 
solutions than it is in a gr<»up of stronger solutions. 
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found in the weak series, and yet when she comes to the weak 
series she gives 50 per cent or more of positive judgments on 
ten out of the fifteen solutions. It will he observed that these 
data are not in agreement with those from observer von der 
Nienburg. The latter gave more positive judgments and had a 
lower nominal threshold in the strong series. But observer Note- 
ware gives more positive judgments and has a lower nominal 
threshold in the weak series. In this case we know that all the 
solutions in the weak series are well below what seems, by a 
fair determination, the threshold in the strong series. The subject 
herself felt that she was doing little more than guessing in the 
weak series, and a mere glance at the graphic representation of 
the data (Plate 3, fig. 3) shows that her feeling was justified. 
She was actually working with intensities which were, in one 
sense, below the threshold. Yet she could give more than fifty 
positive judgments to the hundred. It should be noted also in 
this connection that she gave more positive judgments on the 
seven strongest solutions than she did on the seven weakest, so 
that there is still a threshold of difference represented within 
the series. But as a consequence of the disconcerting nature of 
the situation she fell back upon guessing, and as a guide in her 
guessing she seems to have been inclined to make the supposition 
that about half of the solutions contained salt and the other halJE 
not. There are 314 positive judgments out of the possible 600. 

It is apparent in a ease like this that the mere fact that some 
stimulus is called salt more often than not salt is in itself no 
proof that the stimulus in question is above the threshold of 
sensation. Other factors may be responsible for the preponder- 
ance of positive judgments. Judgments must be accounted for 
psychologically as well as psychophysically, and one of the most 
important of the psychological conditions which must be con- 
sidered is the magnitude of the other stimuli which are subject 
to judgment in the same series. The discovery of the importance 
of this particular factor was one of the most conspicuous results 
of the writer’s investigation of the judgment of difference (page 
51 of this volume). 
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It appears from what has just been said that the observers 
who worked with both strong and weak solutions maintained 
different attitudt's in the two series, showing that their judgments 
w>-erc affected l)y the total group of stimuli so as to be disturbed 
with rt'gard to any member of one group that might be trans- 
ferred to tile other group. This is best seen in the ease of 
observer von der Nienburg, who increased the number of positive 
judgiinents upon weak stimuli when she was making a good many 
positive judgments in the series.-^ 

Observer Notf'wan^ s(>ems to have been seriously influenced 
by the gtmeral proporti<in of the judgments. She gave always 
about as many positive^ n.s negative judgments; so that, when 
she came to judgt^ very w<'ak stimuli, she gave several times as 
many positive judgments upon certain oix's as .she had given 
upon the saiiK' .stimuli when found among stronger solutions. 
Sonu; place had to b<‘ foiuul for .what she felt to be the proper 
proi>ortion of po.sitiv<i jiulgments, and they fell by chance all 
alotif; th(‘ s(^ah‘, piling up where otherwi.se there would have been 
very few of them. 

During tin* course of the expi'riment, all of the observers were, 
from day to day and more or less steadily, inclined to change their 
opinion as to the numlwr of sidt solutions in a aeries. What the 
grouiuls of this change wf're does not appear. Perhaps there was 
rnendy a shift from a comparatively unfounded prejudice to 
an opinitm lu'tbT in accord with the actual .sensations. 

Tabli* XV shows th(“ ])i>rc(*ntage of positive judgments made 
by each of four obscirvews at each successive sitting during the 
course of tlu( c.'cperiment. Olwerver Levy shows a good deal 
of irn'gular fluctuation; on some (lays there were more positive 
judgimuds. on others hfas. Huch rcfsults might be due to fluctua- 
tions in tlie condition of tins olwerver, to more local conditions in 
th<( mouth, or to the weath<>r. Observer Notewaro gives about 

2* Tlvis in uHHdO.liitod with the tendency to repeat a preceding 

judgment, wliiidi has li(>«n diMcuHHtid already in a previous paragraph. 
Wluui once it is fimtui that one typo of .judgment is more frequent than 
tile ot.lier typ<‘ in a Horios, the tcmdency to iteration, will result in a still 
further increase in the number of judgments of the predominant typo. 
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what irrefj:ulurly fronti day tt) day, hut in ^^eneral she gave fewer 
positive answers ns the work progressed from week to week. 
Miss von dc‘r Nit‘uhurg gave many more positive judgments in 
the preliminary exp<‘ri merits with the weak series of solutions 
than she did lattT on. The table shows, in the eolunm for weak 
stiniuli, that, after th<‘ third day, there was no further regular 
shift in the attitiuh^ of this observer. Tlie attitude finally 
ajssumod re<piir(Hl nl)out om» positive judgment to four negative 
judgments. Th<‘r(‘ was a lnrg(‘r proportion of positive judgments 
oil some days and a smaller proportion o!i others, but there was 
no furtlKU’ syshunatie change during th(‘ eours(‘ of the experiment. 

AVhen obs(U'V(*r v-on (h^r Nienburg enme to take up the series 
of strongi‘r soluti<ms, htu* attitude un(lt‘rw(mt a ehange in this, as 
ill other resp(*ets. In this series slie gav(\ on tlu^ average, more 
than four p(isitivt‘ jmlgnuuits to one negative judgment, and 
then' was a t(‘nd(‘ney to inen‘ase the proportion of positive judg- 
ments aft(‘r tlu^ first day. Fnmi the data it is clear that this 
ol)s<'rvt^r re<(uir(‘d two or three sittings before becoming adjusted 
to the conditions (»f th(» (‘xperiment, or before becoming adjusted 
to changed conditions, but that wluui onc<i she had assumed, an 
attitiuh^ toward either scu-ies s1h‘ showe<l no disposition to disturb 
the normal ratio b(‘twe‘(*n the numbers of positive and negative 
judgnumts. 

Th(*s(‘ shifts in tlu' g(‘n(‘ral proportion of positive and negative 
judgments nve signifi(*ant lu^eause they inv()lv(» a corresponding 
shift in th(‘ appan‘nt position of the thr(‘shol<l. When there is 
a larger total number of positive judgnumts in the series, there 
will b(» mor<^ of tliern on <*ach imunluT of th(* H(‘ri(‘S, and the result 
will bt» that a solution will appear to be above the threshold, 
wh('rt‘as Iht* sam<‘ solution would appear to be btdow the threshold 
if th(^ total numb(»r of positive judgments in tlu* serious, and con- 
acjqiumtly on that solution, wiTe re<lueed. 
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V 

THE INTEEPRETATION OF THE THRESHOLD OP 
SENSATION IN VIEW OF THE DISTURBING 
CENTRAL FACTORS 

There are at least two ways of defining intelligibly the 
threshold of sensation. The first, which may be called the physio- 
logical, regards it as an intensity of stimulus so weak that any 
weaker stimulus of the same kind would produce no sensation 
or reaction at all.^^ 

Obviously there are stimuli so weak that they are never appre- 
hended by the sense-organs, but it does not follow that there is 
any discoverable and measurable stimulus which is just strong 
enough to be apprehended. Certainly an inspection of typical 
curves of the distribution of judgments such as we have in the 
accompanying plates gives no warrant for asserting that we can 
ever find a definite stimulus just strong enough to provoke a 
positive judgment. The first impression produced by these curves 
is that every stimulus, no matter how weak, is capable of produc- 
ing a sensation, but that the stronger ones are more apt to do so 
than the weak ones. But there are numerous details to be con- 
sidered before finally adapting this interpretation of the curves. 

One of the peculiar things about the curves (see Plates 1 and 2) 
is that some of them start from a comparatively elevated plateau 
instead of starting off low when the stimulus was pure water 
and thence increasing steadily the number of positive judgments. 
It will be seen that most of the curves which are otherwise regular 
do proceed in a regular staircase fashion from the very beginning. 
But the exceptions are worthy of consideration. The record of 

22 A direct statement of this point of view may be found in Titehener, 
Experimental Psychology: Student ^s Manual, Quantitative, Introduction, 
p. xxsvii. The general assumption that ‘‘a stimulus must attain a cer- 
tain magnitude in order to arouse a sensation at all'' is so universaUy 
made that other authorities need not be cited. 
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observer Bates (Plate 1) is typical in this regard. While they 
are regular enough so far jis the stronger solutions are concerned, 
there is a plateau representing the judgments on the five weakest 
solutions. Each of these solutions, including water and the 
strongest of them being 0.4 per cent, is called salt in 25 per cent 
or more of the cases. In the case of observer Whisman (Plate 2) 
tlie plateau is not ('levated ; instead there is no rise whatever in 
the curve until a solution of 0.4 per cent is reached. 

In the first of these cases it may be that the taste of the water 
is strong and that it is confused with the taste of salt. As the 
dose of salt is increased it does not increase the taste of the water 
blit does gradually stilmierge it. So, according to this strictly 
hypothetical e.xplanation, the first few solutions would all have 
a taste, interpreted as salt, but really a mixture of salt and the 
water taste, ami all these solutions would have about the same 
taste until the salt Ix'came strong enough to be tasted alone, over 
and al)ove th(> tast(‘ of tin* water. Unfortunately no record was 
pre.serv<‘d of this oksirve.r’s separate estimate of the taste of 
tlio water. It may la* pr<*sumed that the whole record of observers 
Ijiivy and N<tte\vurt> with the weak solutions (Plate 3) is nothing 
wiort! than the neanr view of such a idateati at the beginning of 
th<* <Mirve before any tnui jxisitive cjises begin to appear. Observer 
Notc^wart* shows a temlency to form such a plateau even in the 
stronger scries (i.e., in Plate 2) and shows also, as many others 
dti — the ch'arest example is seen in th(5 weak series for observer 
von d«!r Nienburg (Plate 3) — a slight tendency to confuse the 
tiiHt(» of wafer with salt, and to find a very weak salt solution 
more tastele.ss than watem."* 

A somewhat similar hypothesis ma.y be advanced with more 
c<;rtiiinty to account for the plateaii at the base line in the case 
of observer Wliisrnan. This oltserver was familiar with the dis- 
uprrocahh! taste of the water and freciuently said “that’s water” 
with an emphasis that <lenote<l morci than the mere absence of 
salt. Now since th<5 wnt<‘r is clearly recognized for itself, it 
ol>HcureH the salt taste until that laxiomes strong enough to he 

aa I'Vir a tliHciiHsion of llio taste of water boo Appendix T. 
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detected over the water. In other words, we seem here to be 
dealing with a case of discrimination between nearly comple- 
mentary tastes ; and in the four weak solutions the taste of water 
is recognizable each time, then it is not recognized so often, next 
there is a sudden leap to cases where salt is recognized in a 
majority of the cases, and finally there are three solutions in 
which the salt is recognized every time. It is conceivable that 
similar results might have been obtained from other observers 
if they had been equally familiar with the water taste and had 
differentiated it from, instead of confusing it with, the salt taste. 

On the whole, the records which are the most consistent within 
themselves, and which seem to have been taken under the most 
favorable circumstances so that there are few stimuli which are 
unnecessarily strong and yet enough strong ones to give a fairly 
large number of clear positive judgments, show regular increases 
in the number of positive judgments, beginning with water or 
the most tasteless mixture of water and salt. Thus the record 
of observer von der Nienburg for one hundred rounds of the 
weak series (Plate 3) shows only one positive judgment for a 
solution of 0.075 per cent (the weaker solutions had a stronger 
taste arising from the water, or at any rate, were more often 
called salt), but from that point on each increase of one quarter 
of one per cent in the strength of the solution increases the 
number of positive judgments with almost perfect regularity. 
In this case it seems certain that every intensity of stimulus 
employed has produced at times a salt sensation with the excep- 
tion of the 0.075 per cent solution which is nearly neutral, and 
the weaker ones, which, while they seemed to taste salt, probably 
produced a somewhat different sensation. Data of the same type 
are given by observers Robinson and Noteware for the stronger 
stimuli. Other examples of what appears to me to be the normal 
situation are found in the records of observers Kohlberg, Jack- 
son, and Libbin. All of them show a quite regular stepping-up 
from the weakest solution to the strongest. Several other instances 
show the same regular stepping-up but involve a considerable 
number of positive judgments on even the weakest solutions; 
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for example, observers von der Nienburg (strong series), Better 
and Ham. Whatever the reason for the excess of positive judg- 
ments on the weakest solutions, it can not be adduced to prove 
that it is possible to measure the weakest solution which can be 
tasted. The easiest explanation of the positive judgments on 
water and weak solutions would be that the water tasted salt, 
but this hypothesis is inconsistent with all the direct observations, 
and it would not hold for observer von der Nienburg. A more 
psychological explanation has already been advanced in her case, 
namely, that the large preponderance of distinctly salt solutions 
created a tendency to call a large proportion of all of the solu- 
tions salt. 

All of the data obtained have now been reviewed. Of the 
thirteen records, two cases (Bates, Whisman) seem to indicate 
the existence of intensities less than the weakest which can be 
perceived, but there is evidence that this interpretation is not 
the only one open; two cases (Levy, Note ware, weak stimuli), 
are badly confused by the absence of clear salt sensations in the 
series, and are capable of explanation either as cases of unper- 
ceived stimuli or in another way; six (Libbin, Jackson, Kohlberg; 
von der Nienburg, strong; Better, Ham), show no trace of an 
unperceived intensity ; three (von der Nienburg, weak ; Noteware, 
strong; and Eobinson), show a saline solution or two which is 
not perceived as salt, but do not indicate that there is a class 
of solutions too weak to be perceived. 

The distributions of judgments reported by Camerer^^ — ^the 
only ones hitherto made which are at all comparable with the 
present work in respect of the number and intensity of the stimuli 
employed — do not show any imperceptible intensities. The data 
from three of Camerer’s four observers are presented in Plate 4 
in as good a graphic form as I can devise for them. The fourth 
observer shows no characteristics not found in one of these three. 
Only the results of the method ‘‘without knowledge” are con- 
sidered. Each observer made fifty rounds of judgments on the 
set of nine solutions. The unit solution was only 0.0159 per cent 

z^Ztschr, f. Biologiey vol- 21 (1885), p. 578. 
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and the weakest was only one-eighth as strong as the unit. It 
will be seen that although these intensities are much less than 
those employed by me (but the quantities administered are ten 
times as great) , the curves both for number of right judgments 
and for right judgments plus half the number of uncertain judg- 
ments, begin to rise from the weakest solutions and rise gradually 
as the solutions become stronger. Even the weakest solutions 
(0.002 per cent and 0.004 per cent) are not exactly equivalent 
to each other or to water. With regard to the absolute inten- 
sities here, allowance should be made for the fact that Camerer 
worked with ‘‘Brunnenwasser,” which contained an unspecified 
but appreciable quantity of hme. The fact remains, however, 
that very minute increments of salt did influence the number of 
positive judgments on this water. 

A second view of the nature of the threshold seeks to place 
it at some point on a scale midway between the intensity which 
is just barely strong enough to produce a sensation and the 
intensity which always produces a sensation. From the nature 
of the disturbances of judgment by the central factors discussed 
in the last few pages, it should be clear that the threshold can 
not be located by arbitrarily deciding a priori that a stimulus 
above the threshold ought to be perceived in more than half 
or more than three quarters of the cases. Whether a given stim- 
ulus is perceived in half or in three quarters of the cases depends 
too much upon irrelevant accidents like the presence of too few 
or too many strong stimuli in the series in question. It should 
be noted particularly that the 50 per cent and 75 per cent 
thresholds here have a different meaning from that which they 
have in the case of the difference threshold ; for when one is com- 
paring two intensities his judgment is as apt, by mere chance, to 
fall one way as the other, but there is no such easy law when one 
is looking out for a sensation. One might, indeed, suppose that 
the series had been so prepared that half of the solutions would 
taste salt and half not, and in that case the chances would be 
even that any particular solution would or would not taste salt. 
But our observers were cautioned that no such arrangement was 
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contemplated, and that the differences between individuals would 
make such an arrangement impossible. 

In the case of the difference-threshold 50 per cent of right 
judgments represents the minimum of discrimination, but in the 
ease of the absolute threshold 50 per cent means pure hit-and- 
miss for one person (the one who merely guesses, upon the sup- 
position that about half will taste salt), while for another person 
50 per cent means a high degree of assurance compared with 
the 10 per cent or 20 per cent of positive judgments accorded 
to weaker stimuli. 
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VI 


A MEASURE OF SENSITIVITY PROPOSKI) AS A SUR. 
STITOTK FOR TIIK CONVENTIONAL 
TIIRESIfOLI) 


Is thore then any lt‘ss arbitrary inellual estal4ishinur a 
threshold of sensation anywhere between the stimulus whieh is 
always pereeived and the one whieh is n(*vt»r ptuHsuvrd '/ The 
way to answer tliis (juestion in the aftirmative is mueh simpler 
than L for ora*, had any ex[H*etati<m of fmdin.ir it. It a(»pear’H 
from tia* obseiwations in this eas<*, as |krener*ally, that when the 
intensities in a series advnnee by nrithnietieal {e<|unO steps, the 
ruimb(‘r (d' p<Ksitive jud.una‘nts udvauees at tlr.st slowly, with 
very weak stinndi. th(‘n more rapidly, and tinally, with stronj; 
stimuli, inon* slowly nr^ain until it sto[is entirely. In the etar- 
v<*ntional way. used in this pape*r. of r(‘prf*sentin^i: the steiw 
Kraphieally. the st<‘ps ar*e all of one wi<ltln but th<*y an* hijrhest 
in the mi<ldle and bee(nne shorter at both t<»p ami botttmi (d' the 
stairs. This is all in aee(»nl with Weber’s laiw. and may indts'd 
be in a(*eord with F(*ehner if it can be shown that the mH) 4 :nitutli*s 
of the st{*ps follow a lojjrarithmie. series. 

In siieh a j^rnphie r’eprtwmtation one step in tin* middle (if 
th(^ (Uirve is hiiirher than any of the oth«*rH and marks the point 
vvh(*n* the eniwe tnrns fnirn eoneave to «»<inv<’X. Without pre- 
eluding in the least a more exaet <let(*rrnination of this eritieal 
point by tin* afipli(»ati<in of the ealetdus we may approximate it 
^raphieally. Onee it lias been diseovered, it proves to be an 
admirabh* substitub* f(»r the eonv^mtional threslnild. 

This point <oui lx* defintHl pretdsely and has <*XH(dly the same 
sij^nifieunee for evt^ry p(*rsou and for every kind of .stimulns. It 
(Mirrespimds to tin* intensity of .stimulus fr<»m whi(‘h a ehan«:(* 
of a Kiven amount w'ill la* most fre<|uently or easily re(*o^'nixe<l. 
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This point can be determined in a comparatively amall number 
of trials, provided the series contains enough different inten- 
sities, embracing both extremes of the scale and arranged in 
an nritlmK^tienl pr()p:rossion. 

The peculiar ndvanta^^e of this me^isure of sensitivity is that 
it is ind('porulent of the constant proportion between the positive 
an<i negative answers, and also independent of the errors which 
aeeinnulate near tho extronu^s of the scale as the result of imper- 
fect attention. Thus, an observer may double the total number 
of positive jud^nnents all alonj,^ the scale as the result of some 
of the disturbinjj: factors which we have found in actual opera- 
tion, without attectin^ in the least this crucial point. So, too, 
one may ^nve very inconsistent judjnnents upon very weak or 
vc^ry stroriju: stimuru and still it will remain possible to determine 
accurately the thr<*shold aiccordiiiK to this method. 

insp<*ction of tin* jJcrHf>hic representation of the data will 
ofttui siiflice to det(*rmiue such a crucial point; for example, the 
curv<^ for observer Whistnain (Plate 2) ji^ives an undoubted 
tlirc'shold betwism 0.7 per cent and 0.8 per cent, the steps above 
b(‘low this st<‘p an* much snuiller, amd this single stej) reaches 
from 25 per ciuit of (correct judgments to 77 per cent; the 0.7 
l><U’ c(‘nt solution aind all the w'eaker ones are very weak or 
subliminal (only rarely recognized); the 0.8 per cent solution 
iiinl aill tlu* strong<*r omss are very strong (almost always 
r<HM»gniz<*d ). For (>l)S(*rv(*r von der Nienburg (strong solutions, 
l^lute 2) th(» erticiail [)oint lies between the 0.2 per cent and 
0.3 p<‘r <n*nt, while for the same observer when using the weak 
stimuli (Plaite 2) it maiy be plaic<*d between 0.3 per cent and 
tlu* n<*xt stronger sohition, but here the daita aire not adecpiaite. 
For obs<‘rv(*r tlaickson (iMaite 2) it inaiy be plaiced between 0.7 
pc*r c<*nt and O.H p(‘r etuit. For observer Dettor (Pbite 1) between 
0.3 per <^eut and 0.4 p(*r cent, and for observer Notewaire (strong 
Philt* 2) betwtMui 0.5 per cent aind 0.() per cent. In these 
hitt<*r raises tlu* crueial point cam safety b(i placed at the aipparent 
<*,<*! it(*r of th(‘ group of larg(‘st steps, even though the particular 
Ht<*p at the cent(*r haipp<‘ns to be comparaitively smaill. It maxy be 



244 University of California Publications in Psychology l 


seen at once, however, that these determinations are only approx- 
imate. No great accuracy can be expected from work of this sort 
carried out by novices and continued only for a few sittings (the 
forty-round series usually required only five sittings). AU that 
is claimed for this crucial point is that, with due regard for 
the validity of the data from which it is obtained, it has psycho- 
logical significance as a substitute for the conventional threshold. 


Table XVI 

Array op Steps por Different Observers 

Showing the increase in the number of positive judgments resulting 
from an increase of 0.1 per cent in stimulus intensity. 









a> 


iz; 

g 

Steps 

Observe 

Bates 

Better 

Ham 

0 
ux 

M 

1 

u 

£ 

1 

liibbin 

a 

1 

o 

lO 

1 

rt 

o 

> 

a 

a 

0.0-0.1% 

0 

2 

-2 

-1 

-1 

5 

5 

-5 

0 

0 

0.1-0.2 

-1 

3 

5 

1 

2 

-1 

-7 

0 

4 

0 

0.2-0.3 

-1 

7 

7 

2 

3 

3 

0 

18* 

11* 

0 

0.3-0.4 

0 

6- 

6’- 

2 

4 

2 

3 

4 

6 

1 

0.4-0.5 

9‘ 

7 

7 

1 

5 

7 

11 

5 

1 

4 

0.5-0.6 

-3 

5 

2 

6 

8 

2 

4- 

2 

1 

5 

0.6-0.7 

4 

0 

-2 

11 

4 

48 

14 

6 

-1 

0“ 

0.7-0.8 

5^ 

-2 

3 

-V 

-1 

-1 

5 

-1 

1 

21 

0.8-0.9 

4 

2 

0 

13 

7 

11 

0 

4 

0 

5 

0.9-1.0 

3 

2 

-1 

3 

1 

2 

1 

0 

0 

3 

l.O-l.l 

-1 

-1 

2 

2 

5 

3 

1 

^ 0 

0 

-2 

1.1-1.2 

0 

1 

-1 

0 

0 

0 

-3 

0 

0 

2 

1.2-1.3 

4 

0 

1 

0 

1 

0 

3 

0 

0 

1 

1.3-1.4 

3 

0 

0 

0 

-2 

2 

0 

0 

0 

0 

1.4-1.5 

1 

0 

0 

0 

2 

0 

0 

0 

0 

0 


^It is assumed that the larse step from 0.4 to 0.5 is due to errors. 
Judging by the number of positive judgments on 0.4 and 0.6 there should 
not be so many on 0.5. 

® Intermediate between two large steps. 

® This ease is highly doubtful. There is no safe ground for choosing 
between the maxima at 0.4-0.5 and at 0.8-0.9. The critical point is 
assigned to the position half way between the two maxima only because 
some position is desired as a basis for averaging later. 

* The steps are too coarse for an accurate determination. 

® Errors at this stage make the next step extraordinarily large. 
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In practice we have no need of exceedingly delicate determinations 
of sensitivity. If such need does arise, however, it can be satis- 
fied only by the accumulation of statistically valid data, not by 
over-refining on inadequate data ; and even in that ease it will 
be found, I am sure, that the simple method here suggested gives 
a threshold the precision of which is commensurate with the ade- 
quacy of the data. For any given number of experimental 
observations this method has the advantage over the usual 
methods of determining the threshold, that it is not subject to 
errors from the inclusion of the observations on the strongest 
and weakest stimuli. As a result of disturbances of attention, 
the observations on these strong and weak stimuli are not as 
reliable as are observations upon stimuli of moderate intensities. 

In some cases the superficial inspection of the curve is helped 
out by a perusal of an array of the arithmetical magnitudes of 
the steps. Such an array is shown in Table XVI for the ten 
records from the stronger series of salts. It may be seen again 
that it is much simpler to find the largest step, or the center of 
the group of largest steps, than it is to find the true zero at either 
the top or the bottom of one of the columns of figures. It is 
of some interest further to find how the threshold discovered by 


Table XVII 


Showing the per cent of positive judgments corresponding to the 
threshold as determined by the largest step in the curve. 


Observer 

Largest step lies 

Per cent positive jdmts. 

Bates 

between 0.7% and 0.8 

between 50% 

and 63% 

Better 


0.3 

0.4 

50 

65 

Ham 


0.3 

0.4 

57 

73 

Jackson 


0.7 

0.8 

57 

56 

Kohlberg 


0.5 

0.6 

35 

55 

Libbin 


0.6 

0.7 

47 

57 

Note ware 


0.5 

0.6 

37 

48 

Robinson 


0.2 

0.3 

5 

50 

von der Nienburg 

0.2 

0.3 

52 

80 

Whisman 


0.7 

0.8 

25 

77 

Average 


0.47 

0.57 

41.5 

62.4 
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this method is related to the one obtained by the eonveutionul 
50 per cent method, which assumes that a stimulus is aliove the 
threshold if it is detected in more than half of the castes in which 
it is presented. 


Table XVIII 

Showing the average size of the atop at the critical |uiiut ami f(»r 
intensities above and below the critical point, ('(unpare Plate 11, fig. 4. 


iVv«*ruK«‘ numht^r ui 
Average ponition poaitivt* JutlgmimtM 
of atop forminif alt'p 


Third 

step below the critical one.... 


2.4 out of 

40 

Second 

) > 

7 7 

7 7 

...0.3 -0.4 

2.5 

40 

First 

7 7 

7 7 

7 7 

...0.4 ~0.f) 

4.1 

40 

The critical step itself.. 


...0.5 -0.6 

S.2 

40 

First 

step above the critical one .. 

.. 0.6 - 0.7 

5.8 

4t» 

Second 

7 7 

7 7 

7 7 

...0.7 ~0.S 

a.7 

4t) 

Third 

7 7 

7 7 

7 7 

... 0.8 -0.0 

0.0 

40 

Fourth 

7 7 

7 7 

7 7 

...0.0 -<1.0 

i.:i 

40 

Fifth 

7 7 

7 7 

7 7 

...1.0 -<1.1 

i.:i ” 

40 

Sixth 

7 7 

7 7 

7 7 

...1.1 -1.2 

0.5 

40 

Seventh 

7 7 

7 7 

J 7 

...1.2 -i.:i 

0.7 

40 


Note. — Since two of the critical ]K)iutH lie at the Heci»!i<l nrnl thirtl 
members of the aeries, they give no valuea for the thinl atep below the 
threshold. Two others would give no values for a fourth stt^p Ixdow, ami 
three would give no values for an eighth step above the critical t>ne, 


Table XIX 

Average number of positive .iudgments out of 40 given by 10 observ<*rs 
on 16 strong solutions, (’ompare Plate 2. 


Observer 

0 

1 

2 

3 

4 

5 

6 

7 

8 

U 10 

U 

12 

i:t 

U 

Sates 

12 

12 

11 

10 

10 

19 

16 

20 

25 

29 32 

31 

31 

35 

3H 

Better 

8 

10 

13 

20 

26 

33 

38 

38 

36 

38 40 

39 

40 

40 

40 

Ham 

13 

11 

16 

23 

29 

36 

38 

36 

39 

39 3.S 

40 

39 

40 

40 

Jackson 

1 

0 

1 

3 

5 

6 

12 

23 

22 

35 38 

40 

40 

40 

40 

Kohlberg 

1 

0 

2 

5 

9 

14 

22 

26 

25 

32 33 

38 

38 

39 

37 

Libbin 

1 

6 

5 

8 

10 

17 

19 

23 

22 

33 35 

38 

38 

38 

ili 

Note ware 

3 

8 

1 

1 

4 

15 

19 

33 

38 

38 3S) 

40 

37 

40 

40 

Robinson 

7 

2 

2 

20 

24 

29 

31 

37 

36 

40 40 

40 

40 

4il 

40 

von der Nienburg 

17 

17 

21 

32 

38 

39 

40 

39 

40 

40 40 

40 

40 

40 

40 

Whisman 

0 

0 

0 

0 

1 

5 

10 

10 

31 

36 39 

37 

39 

40 

40 

Total for ten 

63 

66 

72 

122 

156 213 

245 

285 

314 

360 374 

383 

38r^ 

39*^ 

395 
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Table XYII shows that the conditions under which the 
observers worked with the strong stimuli were such that the 
crucial point, as determined by an inspection of the curves, 
generally lies in the neighborhood of the intensity which yields 
fifty positive judgments per hundred. Making a crude average 
of the ten determinations, the threshold is found, for the group, 
between a solution of 0.47 per cent and one of 0.57 per cent. The 
former yields on the average 41.5 positive judgments per hundred 
and the latter 62.4. If the crucial point is placed half way 
between them it will yield 52 positive judgments per hundred. 
The agreement between the two modes of determination holds 
roughly for each individual case in the sense that the step con- 
stituting the crucial point either bridges the stimulus which 
would yield 50 per cent of positive judgments, or else has as 
one of its limits an intensity which yields very nearly that pro- 
portion. The worst departure from the rule is found in the case 
of observer Ham, for whom the point is found clear above the 
57 per cent level. Inspection of the record will show (Plate 1) 
that there is justification for thinking that the crucial point has 
been placed too high in this case. 

Experiments with weaker stimuli lead to the conclusion that 
the correspondence just spoken of is the result of the particular 
arrangement of conditions and is not inherent in the nature of 
the threshold itself. The determination for observer von der 
Nienburg with the weaker solutions gives a much lower number 
of positive judgments in spite of the fact that the solutions 
selected as marking the crucial step are stronger in this case. 

Weak series, crucial step between 0.3% and 0.325% yields between 36% 
and 50% of positive judgments. 

Strong series, crucial step between 0.2% and 0.3% yields between 52% 
and 80% of positive judgments. 


So, too, the data from observers Levy and Noteware indicate 
that more than half of the judgments may be positive without 
reaching a threshold. 
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Before leaving the subject of the threshold it may be worth 
while to call attention to the results obtained when a whole 
group of persons is examined in the mass. Combining the sep- 
arate determinations for the individuals, we obtain from the 
average a measure of the sensitivity of the group. The crucial 
point for the group lies between an intensity of 0.47 per cent and 
one of 0.57 per cent. It is therefore about twice as high as 
the threshold intensity usually given as determined by the 
‘‘physiological’^ method, i.e., the weakest solution which can be 
tasted at all.^® 

We may also measure the average size of the step determined 
upon as the crucial one as in Table XVIII. This is found to be 
8.2. That is to say, on the average, out of forty possible judg- 
ments, the solution just above the crucial point receives eight 
more positive judgments than the one just below. And further, 
if we obtain, by averaging, the size of the steps on each side of 
the crucial point, we see more clearly than in any individual 
case that the steps decrease in size as the solutions become 
stronger or weaker than the threshold intensity. This is shown 
graphically in Plate 3, fig. 4. No particular mathematical val- 
idity can be attached to this average, however, because, of course, 
the steps are of very different values for the different observers 
and so should not be equally weighted, as they here are ; but it 
seems to support the theory upon which the present method of 
approximating a threshold is based. 

Prom Table XIX, giving in full the number of positive judg- 
ments made by each observer on each solution, it is possible to 
obtain an average of the number given by all the observers for 
each solution. A graph representing this average and con- 
structed like the graphs representing the individual records is 
shown at the bottom of Plate 2. As might be expected, most of 
the significant features of the individual records are hidden 
under this average. One can see, however, that each increase in 
the strength of the salt solution increases the frequency with 
which the salt is observed. There is only a trace of a crucial 


25 See Appendix II. 
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point left between 0.4 per cent and 0.5 per cent (the average 
of the different determinations falls between 0.47 per cent and 
0.57 per cent), in the neighborhood of the stimnlus which 
is perceived in half of the eases (the 0.5 per cent solution). The 
various determinations of the crucial point for different individ- 
uals are scattered over the entire middle range of intensities, 
giving to the average curve the appearance of a series of almost 
equal steps in this region. Only when we come to the strongest 
and weakest sohitions, which are never liminal for anyone, does 
it become evident that the size of the steps decreases as we depart 
from the threshold-intensity in either direction. 
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VII 

CONCLUSION 

A systematic attempt to analyze the conditions under which 
jiid,^ments are made in a typical instance in dtdennininj^ an 
absolute threshold of sensation leads to the corndusion that such 
a determination is fruitless if conducted hIouk' tin* custimiary 
lines. Not only are successive judjrments upon weak stimuli sub- 
ject to contrast-effects in a marked dejxree, l>ut they are also <lis- 
turbed by a tendency to repeat or contradict a prt»vious JudKineut, 

Moreover, the jud<2:ments arc so affectcnl by the jij:<‘neral trend 
of the earlier stimuli and judprnu^nts in the s(‘rit's, that by 
judiciously arranjrin^ two stds of stinudi the* snnie pcrstui can 
be made to appear to hav(‘ a hifrh thr(*shol<l in tme set and a 
low one in the other set. 

In view of these diOiculties some plan must \\o tlevistnl fttr 
measuring the delicacy of sen.se-perc<»ption in a more reliable way. 
The ^»:raphic r(‘pr(*sentati(ms of the distribution of the Judkonents 
of individual persons iuvit<*s oiir attention to the fatd, lon?^ estab- 
lished, that e((ual increuuuits of stimulus intensity do not carry 
with them ccpial incrcasi‘s in tin* numhtu* of pt>sitive jmlunients 
representing sciwation. At s<mic point in the senb* (»r sfimulits- 
inteiisiti(\s a given incnmse in intensity has the t‘fft‘et of prodneing 
a maximum increjisc in positive* judgments. This eritieal inten- 
sity can be discov(»rcd with comparative eaisc, and its <letcrminn- 
tion is not affected by the error's which vitiate the <let«‘rminHtit>n 
of the least perceptible stimulus. 

It is suggested that this critical point in the stimidus series 
be taken Jis an index of the delicacy of sense perc*eptioit. It 
woxdd be idle to talk of abolishing th<* least pcrceptibb* stimulus 
as a standard index, but we shouhl recognize its iriade<|unev and 
should be ready to adopt a mon* rational and consistent imlex, 
not perhaps as a substitute but as an auxiliary, when we are 
seriously endeavoring to measure accnu'ately the ondtoviuent or 
condition of individuals with regard to the mechanisms (»r stutst*- 
perception. 
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APPENDIX I 

The Taste op Distilled Water, Including an Account op a 
Direct Experiment upon the Subject 

The water used in this experiment, although “pure” accord- 
iiifg to ordinary standards, w<is by no means tasteless. All of 
-the observers noted that the water had an undefinable, slightly 
ciisagreeable. tiuste ; but none of them would admit that it tasted 
either salt, swt'et, sour, or bitter. Some of them described the 
vvater as “Hat,” otiiers as “musty.” An inspection of the curves 
i n the plat<!s r<»veala the fact that several persons had a tendency 
■to call the water “salt” (unknowingly) more often than some 
of tlui wealu'st salt solutions. In other words, the taste of the 
water is ini.staken for salt hut can be compensated for by salt — 
ix rather contradictory state of affairs. Titehcner, in his Experi- 
'rncntal Bsycliologn, vol. 1, pt. 2, p. 101, speaks of neutralizing 
tho water by tla^ addition of a little salt in case it tastes sweet 
or sour. Hut luf <loes not think that salt will neutralize a bitter 
taste in tlu^ wafer, and h(i does not consider the possibility just 
liponched of neutralizing a salt ta.ste by the addition of salt. At 
tiny rat(( he doi^s not think distilled water ever tastes salt, and 
in this he is undoubtedly correct, notwithstanding the fact that 
its taste is sonudimea confused with that of salt. 

A direct investigation of the taste of the water used in this 
<:;xp<!rim(uit was instituted, and it reveals the fact that most per- 
sons call it bitt(W rather than anything else. In this investigation 
ti Miiighf s(d of judgments was secured from each of one hundred 
jicrsons. These observers tasted from a porcelain spoon one cubic 
<j<!ntimeter of (iach of nine solutions in the following order: 

1. 2.0% Halt 6 . 0.0625% salt 

2. 1.0% salt 7. 0.0% salt 

3. 0.5% salt 8. 0.0% salt 

4. 0.2.5% salt 9. 0.0% salt 

6 , 0.125% salt 
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They were told that they would first taste salt ati<l tliat the suc- 
cessive solutions would lie weaktT and weaker, and that they 
were to report in every ease just what the.v taat»‘d, whetln'r salt 
or anything else. The e.\perin»‘jd purported to tiiseover tlie least 
perceptible intensity of salt aohition. Aggregating tlie results 
for the three doses of water which etmtaiinsl no sjdt we have the 
following distribution of judgments: 

No tftsttv— * ^ wntor ” |»or 

Bittor «r>. 4 p»*r ivnt 

Bvvoot ..... ... H.it jMT oont 

Unknown tusto ........ .. 7.0 por corit 

Othor tJiHto (knc»wn) . 4.t» por cont 

. . :t.O por oont 

Stmr . .. 'J.7 p»’r i^nt 


It scums eortaiii that this partiinilar \vntt»r mi tnsta salt. 
Makinf>: ullowniuu* i’or tht* larirt* immhor «»r iiiiivorsity stiahaits 
who are faiuiliar with tho waitor au<l iiuriHuliatrly put it <luwii 
as ‘‘no taste/’ simply luuuiuso thoy havt‘ Iwm tnuj^ht that that 
is the proper tiling: to say about distillotl wutrr. there i*an be little 
question that the wat<‘r is slii^htly bitter tor must persous. 

Th(‘ exp(*rituiet*.s of othei exp«Tinieuter.s help, by their diver- 
sity, to explain tin* ditlieultb^s wliieh (uuifrontett our oli.st»rvers 
when tluw w<‘re asketl to pass jiulument on the taste t»f the water 
or of extnmu'ly w<‘ak solutiotis of salt in tlie water. Hiehards 
speaks of a double-distilled water as bein*,4: ** unusually tasteless/’ 
but so far as I know there is m* evidenee that mhlitional purity 
involves a loss of taste; iri fuel we sliould evpeet that if the taste 
depends either on the <du*mieal ennsf itntion of tlie water or on the 
absenee of oxyjjren (the two prineijml lines of explauntitui > an 
inerease of juirity woubl inerease the taste, On tlie other hand 
Naj^<‘I su^Kt‘sts that tlie (for him i bitter taste of water may bt* 
due to th(‘ floating <»r partieles of matter whieh are already prtcs- 
ent in the mouth on to new loentions when* they an* tasted. In 
that ease the purity of the water would have nolhiny: to do with 
its tast(‘, and it is a little diflieult t<i .S4*e htnv stimulatitui of sinude 
I)apillae by water ean pr<»duee a tjiste. Itut Kiesow as well as 
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Camerer found that water tasted bitter at points aE over the 
tongue when applied in a punctiform manner. 

Kahlenberg is the only authority that I can find willing to 
assert that ‘‘pure water is tasteless.’’ His reasons for thinking 
it ought to be are good, but I question the accuracy of his obser- 
vation. Keppler could detect no taste in distilled water, but he 
discovered a smeU, which is worse. Kiesow does not attribute 
the taste to the water itself but to the mouth. The permanent 
mouth-taste is generally bitter, he thinks, but there may be a 
sweet after-effect from salt or sour. Under no circumstances does 
he discover salt in this mouth-taste. 

Eichet shares the opinion of many when he remarks that dis- 
tilled water has ‘‘a very disagreeable taste which it is hard to 
disregard. On the other hand Largier des Bancels thinks that 
it is sweetish, although he will admit that it may be fade. The 
latter quality is generally unpleasant, I believe. 

Camerer, who devoted his youth and his middle age, if not 
more of his life, to this subject, has made some very acute obser- 
vations. Clean snow-water he found to be ideal, but it is not 
easy to obtain. The apothecary’s distilled water smelled of the 
still. Water from the Danube, even in its mountain reaches, also 
smelled. Well-water containing lime, tastes a little bitter. The 
admixture of a little salt to this water makes it taste ‘‘soft,” 
while a weak quinine solution resembles the well-water in tasting 
“hard.” 

Titchener suggests that the bitter sometimes noted as a con- 
trast effect from sugar or salt may be due to an agreement 
between water and bitter, in that both taste “smooth.” Con- 
sidering this with Camerer ’s observation just quoted, we may 
infer perhaps that the “taste” of water is not, after all, a taste- 
quality but is due rather to the presence or absence of some 
accompanying tactual characteristic; the absence, perhaps, of 
the “bite” which is associated with sweet, salt, and sour alike. 

The upshot of all of these observations seems to be that water 
is not tasteless (in the broader sense of the word), that it tastes 
more like bitter than anything else, and that its taste can be 



254 University of California Publieaiionit in Psychology 1 

neutralized by salt. In any ovout it (loes not taste like salt, so 
that we can be sure that a series of salt stjlntiiais ean Ih' started 
from a tnie zero point with repird to that <iuality. Furthermore 
there is evidence that some of the weakest solutions of salt in 
water give a substance which is as nearly tasteless as any which 
can be produced. 
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APPENDIX II 

CoNCBENiNO Various Modes op Applying the Taste Stimulus, 
AND Various Determinations op the Threshold for 
Salt, with an Experimental Contribution 

A large number of independent determinations of the thresh- 
old for salt are available, but they have been secured by such 
dLivers methods, both with regard to the mode of applying the 
stimulus and with regard to interpretation of the threshold, that 
oomparisons between them are of doubtful value. In the sense of 
taste the threshold determinations depend primarily upon the 
mode of administering the stimulus. The least perceptible stim- 
Yxlus may be stated in term of the concentration or “strength” 
of the solution employed. But this can be significant only if we 
1-cnow also the amount of the .solution taken into the mouth, for 
only then do we know the absolute amount of the sapid substance 
Isrought into contact witii the taste organs. Numerous devices 
liave been employed in the endeavor to measure the actual inten- 
sity of the stimulus, either in terms of “strength” or of gross 
amount. 

Michelson*® mixed a little gum-arabic with the solution to 
Iceep it from running, and then applied a single drop. The same 
method was employed by Kie.sow and Ilahn.^^ This method is 
dltisigned for local exploration rather than for quantitative 
measurement. 

Zwaardemakor®" used a solution thickened with gelatin and 
applied with a glass rod for exploration. For quantitative work 
he prepared pellets of llollundermark saturated in a ten per cent 
solution of salt, and found how many of these must be laid on 
■tlie tongue in order to produce a taste. A somewhat similar 


20 Virchow’s Areh. f. pathol. Anat. u. Physiol, vol. 123 (1891), p. 396. 
at Ztach. f. Payohol, vol. 26 (1901), p. 383. 

28 Ergebn. d. Physiol., vol. 2, pt. 2 (1903), p. 716. 
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device wa^ tried by Ilaemelinck.-® lie nsi‘il punch discs of blot- 
ting paper, but soon abandoned them f<^r a brush. With a single 
drop of liquid on a dry brush applied to the t^xteiuled tongue he 
found that a strength of from 0.2 per cent to 0.2 per cent is 
needed to produce a sensation. 

A brush pencil narrow enough to reach single papillae was 
employed by Oehrwahl.**'* A brush, a spongt*, and a ilroj^per wer<» 
all used by Sehreiber, according to a rc*vie\v l)y V. nt‘nri in 
Annee psychol, voL 2 (1897), p. 445. As a n‘sult of some 6200 
experiments he is reported i\b giving the f<»lIowing values f<»r the 
threshold with the solution at 2<P C: Tip of tongu<», 0.1 pt*r cent; 
borders, the same; ealieiform papilhu^ 0.08 per cent; whole 
mouth, 0.5 per cent. 

Keppler**' also used tlu^ brush for part of his wt»rk, which had 
to do chiefly with th<* threslKiUl for ditr<*re!iee, but he preferred 
to take a das(» of thirty-fiv(‘ cubic ccuthu<‘t<‘rs from a glass. The 
brush was used by Ki<‘sow‘^“ f(»r purposes of exphiralitai. Ht* 
reports av(‘rage thresholds for six observers as follows: Tip aiul 
bor(I(*rs of tongue, 0,25 {u‘r eent ; base of tongue, 0.28 per cent ; 
but some of the individual thresh<dd d(*tt*naiuHiiouH run as low 
as 0-18 per eent. lie also used a dose of half a cubic centimeter 
of li<iuid. 

Hiinig,**^’ whose work establishes the doctriiu* of istjchymes 
or zones of ecpial sensitivity, u.sed fii’st a singh» drop from a 
dropper, but later ndopt(*<l the brush. lit* f<mnd, f<ir five subjet-ts 
in whom he examined fourteen nreas <»f the tongue, that the, 
threshold rajiged from 0.2 p<»r cent to 0.48 prr but that 

most of them were fouml b(‘tvve<‘n 0.25 per cent nml 0.4 por etait. 

A single drop on tlu* protru<le<l buigue is rec(nnmcmie<l by 
Toulouse and Vaschide.'** Their lowi*st threshold is 0.9 pt*r ismt. 

Ann^t: p.sychoL, vol. VI (1905), p, 110. 

Skandinav, Arch. f. Physwl., vol. 2 (IH91), p. 1, 

Pfluger'B Arch. f. <L yen. Phtfuiol., vol. 2 (lH09), p. 450. 

PhiloH. .Studicti, V(»l. 10 (VS94), p. 

PhiloH. Studicn, vol. 17 (1901), p. «07. 

Acad. VuriH, vol. KtO (1900), pp. HuS anU lUiO, 
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VascMde, using the same method, reports the following thresh- 
olds for 28 men and 30 women in his article ^‘Gout” in Eichet’s 
Dictionaire de Physiologie, vol. 7 (1907), p. 666 : 

For sensation, men, 0.2%; women, 1.0% 

For discrimination, men, 1.0%; women, 4.0% 

Fontana^® dropped three drops on the outstretched tongue and 
found that a solution of 0.2 per cent was the weakest salt solution 
which could be perceived clearly and without doubt. 

At one time Gamer er®® applied the solutions to single papillae 
by one or by two capillary tubes. He found that a single papilla 
stimulated in this way by one part of saturated salt solution in 
410 parts of water would give a positive response in half of the 
cases. This method was also employed by Oerwahl,®^ and it 
suggests the method extensively used by Sternberg®® for local 
exploration, of projecting a fine jet of chloroform or ether vapor 
against the papilla. Camerer also employed tubes about seven 
millimeters wide, but it was with this device that he encountered 
the apparent shift in threshold, due to the effect of the strength 
of the other stimuli in the series, which effectually prevented his 
discovering any definite threshold. By dropping one drop con- 
taining 0.03 cubic centimeter of solution upon the tongue, he 
discovered that so little as 0.0024 milligram of salt could be 
tasted; that is, a solution of 0.8 per cent. 

A large number of experimenters have used liquid solutions 
in larger or smaller quantity. Valentin is quoted as having 
advised regulating the quantity rather than the concentration of 
the solution and as reporting that one part of salt in 213 parts 
of water is perceptible in a dose of 1.5 cubic centimeters, or one 
part in 426 perceptible in 12 cubic centimeters.®® 

Ztsch. f. Psychol., vol. 28 (1902), p. 255. 

^^Ztsch. f. Biol., vol. 6 (1870), p. 440. 

37 Sicandinav. Arch. f. Physiol., vol. 2 (1891), p. 43. 

38 GeschmacTc und Geruch, Berlin, 1906; also numerous contributions 
in periodicals. 

39 This is according to the quotation by von Yintschgau in Hermann 's 
PLandhuch, vol. 3, pt. 2, p. 210, and by Nagel in his Handhuch, 1905, vol, 3, p. 
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Venables'^^’ found that tho most sonsitivt* id* two ohservors 
could barely detect the {)n‘st‘nee <if salt in one t‘uhic et*ntinieter of 
a solution of 0.1 per ccait. The same amcuuit of stdutiim was usetl 
by Kastle^^ in his work on acids, fjomhrosu and (>ttt»Ien,u:hi*- used 
only half a cubic centimeter in tlieir tests of <*riminals an<l othei*s. 
Ilciber and Kiesow*'* fourui that a im»li‘i*idar concent ration (»f 
0.026 was perceptibly salt, not oidy in tlu‘ tms»* of Na(1 but also 
for all the other univalent salts test«»d. Their tbwe was two cubic 
centimeters. Kahlenberj^:*^ used twice as Inrirc a dt»st*. Richards**' 
pive a small mouthful, perhajKs a little more than Kahb*nberj«r. 
In j»:eueral the chemists do not seem to shan» in Valentin s opinitm 
that the (piantity of tht‘ soluthm alTtsds the threslmltl fumla- 
mentally. 

Camerer at one tins* ustsl a tlose a.s lar4.re as thirty cubic 
centimeters.**' An <‘vt‘n larger d<ise was use<l by Ke(>pb*r, whose 
work was published in tla* same v<dume as was that of (*nmercr. 
In the thirty cubic centimtdtu’s <'amf*n»r eimbl detect 4.8 inilli- 
j^rnms of salt, or 1.6 f)er cent. In his umst elaborate work,*^ 
Camerer administere<l a <l<KSt» of ten ettbie centimeters. With this 
dose the weakest conctsitratbm. O.OUi per cent, yielded in isich of 
several extended experiments more positive jutlunients than tlitl 
wat(‘r. A typical set of these ol)servatii>nH has already been pre* 
seated in th(‘ text <if the present article.*"* 'I'he very abundance 
of the data in this extraordinary thoroUKdi invest ij^at ion of <-nm- 
crer’s precludes tin* a<lojdion of any particular (or a thrt*.sh- 

old. An elaborate (‘Xplanation nml justitieation wtadd be rt*quired 

035. Tho quotation by VanchitU' in UiclM’t /ncn#i«airf, vol, 7, 

BooniH to b« erroncouH. The orlaimil work of Vnlentin is not ut‘cesstblt* 
to me; a later mlitiori (1855) j^ives the threshubl for salt nt u.75 per rent 
without Hpeeifyinff the eoii<litionH or the amount of tho 4tis*e. 

Nrwn, vol, 55 (1887), p. LUl. 

•o^^rncT. CVtrm. -/own, voL 120 (1808). p. 

f. PayehoL, vol. 2 (1891). p, im, 

^^Ztsch. f, Phyaikal. OVi/m., vol. 27 (IH9s), p. fJo$. 

Bull Univ. Wiae.f vol. 3, no, 25 (1898), p. 5. 

Amcr, Chem, Jour,, vol. 20 (I8$»8), p, PJI. 

Pflugor^H ArcK f, d, yru PhyHiol,^ vol, 2 (1809), p. 323. 

Ztach. f, HioL, vol. 21 (J8H5), p. 571. 

4H See p. 239 an<l Plate 4. 
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for the selection of one intensity rather than a weaker or stronger 
one. 

Heymans^® also used ten cubic centimeters as a dose. He 
places the normal threshold at 0.25 per cent. 

Bailey and Nichols®® used a. liquid solution which was appar- 
ently tasted from a common drinking cup or glass ; how much was 
taken is not stated. They state as the result of observations by 
82 men and 46 women that a solution of 0.05 per cent is the 
weakest that can be tasted. 


Judfi:ments 


Strenath of 
solution, % 

“0"or 

“Water” 

“Unknown 

taste” 

“Salt” 

“Sour” 

“Sweet” 

“Bitter” 

Other 

(known) 

taste 

27c 

0 

0 

100 

0 

0 

0 

0 

1 

0 

0 

99 

0 

0 

0 

1 

0.5 

8 

0 

86 

1 

0 

3 

2 

0.25 

11 

0 

76 

1 

4 

3 

5 

0.125 

20 

G 

47 

1 

7 

5 

2 

0.0G25 

52 

5 

16 

2 

8 

13 

4 

0 

51 

6 

7 

2 

9 

21 

4 

0 

51 

5 

1 

2 

9 

27 

4 

0 

40 

10 

1 

4 

7 

28 

4 


Tho observations of 100 students, 32 men and 68 women, 
already mentioned in Appendix I, are presented here in tabular 
form for what th<!y are worth. The solutions were presented in 
an order of descendintr intensity only, and we should be sus- 
picious that any threshold determined from such a series will 
be too low. It seems clear that the solution of 0.125 per cent 
tasted salt to a considerable proportion of the observers, but there 
is a f^ood deal of doubt about the solution of half that strength 
for it tiushnl bitt(ir almost as often as it tasted salt, and it tasted 
like water to fully half the observers. 

This rcvi(iw does not pretend to be complete. It leads to the 
conclusion that taste-stimuli should be administered in fluid form 
and in as nearly a normal manner as possible. If the stimuhis 
is so administercid, the lca.st perceptible concentration is found 

■*» XUch. f. PKchol., vol. 21. (1899), p. 341. 

’io Nature, vol. 37 (1887-8), p. 507. 
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to contain from two to three parts of salt in a thousand parts 
of water. 

Stimulation by brushes or otherwise, of single pi^piHnt^ wliile 
indispensable in discovering the points and ztuu^s of sensitivity 
for different qualities of taste, is not suitable for ({unntitative 
work. In the first place, one never ktiows Innv eUustdy the sub- 
stance is brought into contact with the papilla; if tht^ application 
is made a little to one side or with a little less force than usual, 
the substance will not so easily reach the tastt^ orgatm within. A 
similar objection holds against the use of pelh^ts or tht^ bn>ad 
brushing of the tongue, and even against merely dropping the 
substance upon the protruded tongue. Still more object iotiahle 
in (piantitative work is the application of the suljstance in dry 
form so that it must be dissolved by the more or less abmulntit 
fluids already in the mouth. 

With regard to the (juantity of litpiid to he taktui inti> the 
mouth, it stuuns to me that tlu^re should ln» etiough sf» that a 
slight movement of the tongue will bring it into <»<pial cruduct 
with all the s^msitive parts at once. Hut the qtumtity shouhl ntjt 
be sufficient to discoucert the olwerver or to give rist* to the 
swallowing reflex. 

Ihe way of taking the li<[uid into the mouth is of tu> great 
conscciuence and wjis d(dermine<l in tlu^ prestuit instants* by the 
greater convenience of pipettes in handling. A small tpumtity 
of the fluid in a drinking ghiss or spoon wouhl first have to 
measured out and then the glass rinsed. The pipettt* conihint^s 
the two processes in one, and delivers th<^ fluid t<» the mouth a 
little more conveniently besides. The slight “taste’’ <luf* to the 
odor of the rubber bulb is, on the other harul, a real dismlvantag** 
which is not wholly obviated by remarking that nil oliservers 
quickly learn to disregard it or to treat it as a eonstnnt fucdor. 




Kach figuro reproaenta r<*HultM iif 4(» tm oach uf HI aolu- 

tion«. Tho atrongth of aolutiou t» Initl off aloni^ tho hiiao Hm' untl tho unit 
of atrongth ia one grain of aalt por litor of wafor, (»r t>.l por coiit, Thus 
*‘5)’^ moans tU) por (‘ont. Tho numbor of pnaitivo jutlgmonta risos to a 
posaibla 40 for 100 por Tho last tlguro for Obs. Kt»hlt»org ropro 

aents 80 judgmonts, inehuUng tho 4« of tho flgnro noKt tii it. 






PLATE 2 


The arrangement ia the name an in Plate 1. The Inat figure is 
obtained by averaging the number tif ptmitive judgments on each solu« 
tion given by the 10 ohserverH. It rises to a maximum of JtOH positive 
judgments out of a pt>Hsible 4UU. Hee Table XtX for the ctirre»|Hmding 
numbers of judgments. 








PLATE 3 

Figures 1, 2, and 3 are constructed on the same principle as those 
of Plates 1 and 2. In this case the unit of intensity along the base line 
is one-quarter of a gram of salt per liter of water, or 0.025 per cent. 
Thus represents 9 times 0.025 per cent, or 0.0225 per cent. 

Figure 4 corresponds to Table XYIII. For each person the step from 
some one solution (M) to the next (N) produces a maximum increase 
in the number of positive judgments. For all the persons the average of 
this maximum increase (without regard to the strength of M or N) is 
8.2 judgments. The average from N to 0 is 5.8, and from L to M 4.1. 
This figure bears no direct relation to the average^' figure in Plate 2. 


[ 266 ] 
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Fig. 1 

Miss YON DEE NIBNBUEG 
100 judgments on each weak solution 



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Fig. 3 

Miss Notbwase 

40 judgments on each weak solution 



Fig. 4 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Fig. 2 
Mr. Lets? 

80 judgments on each weak solution 



Average Height of the Threshold or Critical 
Step and of the other Steps 





PLATE 4 

The three figures represent the work of three of the four observers 
in one of Camerer^s experiments (Ztseh. f. Biol., vol. 21 (1885), p. 578). 
The intensity of the salt solution is measured off to scale along the 
horizontal base line. The unit solution is 0.0159 per cent, so that ^'6^^ 
means 6 times 0.0159 per cent, or 0.0954 per cent. The first stimulus is 
water (0), then comes a solution of one-eighth of the unit, then one of 
one-quarter of the unit, then one of one-half the unit; then of one, one- 
and-a-half, two, three, four, and six times the unit strength. The height 
of the solid line represents the percentage of positive judgments out of 
a possible 50 for each solution. The height of the outlined portion 
represents one-half of the number of doubtful cases, also reduced to per 
cent. 


[ 268 ] 







UNIVERSITY OF CALIFORNIA PUBLICATIONS 

IN 

PSYCHOLOGY 

VoL 1, No. 4, pp. 269-321 April 24, 1914 


HABIT IHTERFBEENCE IN 
SORTING CARDS 

BY 

WAENER BROWN 

CONTENTS 

PAGE 


I. Introduction 270 

IL Program of the Experiments 271 

III. Details of Experimental Procedure 274 

IV. Method of Presenting the Data 276 

V. The Relation between Rapid Work and the Capacity to Learn.. 281 

VI. Analysis of the Phenomena of Interference 291 

1. ** Retardation. ' ' Arrest of the practice gains while an- 
tagonistic reactions are being practiced 291 

2. ^ ^ Disturbance ’ ^ in passing over from the accustomed re- 
action to a different set of reactions 294 

3. ^'Interruption'* of the day's work by practicing new re- 
actions. Loss of skill as the result of interruption 300 


VII. Analysis of Interference through a Study of the Traits of 

Different Inaividuals 303 

■Vm. The Extent of the Phenomena of Interference. Comparison 
with the Results of a Second Experiment in which Two 
Sets of Reactions were Practiced on Alternate Days 306 

IX, Sex Differences 

X. The Influence of the Interval between Sittings. Practice 

Daily and Practice twice a W eek 315 

XL The Influence of the Number of Repetitions at a Sitting 317 



270 UnitH tHiiif nf iUilifurnm Vubliatimm in IKHtjeholaiiif [ Voi.. i 


I 

INTRtH>r(n'U>N 

At variouH iiver a pi‘riiHl of ton or nuiro 

years, attempts have Is'ert mucle in the lailmratory 

of the IFniversity of (’nUfornia to obtain lis^ht on thi* sulgVet of 
the mutual interferenee amt re enforeement of atitasjronistio 
hHl»its. Numerous eanl sortitij^: exjierinimtH have l»»fn instituted 
to this end, only to he ntfandoned upim ttie tliseovery that they 
were leading nowhere. At tin* lM»^innimr eards hearin?.: Keotnetri- 
eal desijyrns were usetL Tliese were fullowed by earils whieh \vt»re 
sorted neeordiiiK to eolor. Thi^se a«:nin irave way tu tinlinary 
playing eards whieh were sorted into rt'd ami blaek. Kiiuilly 
the f<mr suits uf a paek of playiiuf eards were made the basis of 
sorting. After this s tap* ha<t been reaebeit, several unprotitahle 
attempts w‘4*re made !H*fore a satisfaetory pro^rram was tlevised 
with repirtl to the amount of prneltee at a stttiui?, tin* rnspnsiey 
of praetiee sittinus* and the metlmds of iaterferiim with estab- 
lished habits. It fell to the bit iif the writer to arratip* tlu^se 
hist iletails i»f esp«‘rimental proeedure ami ti» ilinet and par- 
tieipate in the netunl work tif e.\perimentation, (h*eiht for 
institutinj^ the experiments amt for oiillininj^ their p*nern! seopr 
and purpose uU Iw^loiufs t<* the Ibreeior of the Laboratory, 
Profmsor Htrattoii ; anil to his i-tiitdimf a«lviee anti eneourap*- 
meat is due this publieatmn iif the results. Tti soun* fifty studiSit 
volunteers tH*ltinpi the ^lory, sueh as it is, of patient l uthusuism 
expendeil without thtun^ht of personal r**ward uptm a wtsrk of 
whieh the value was not imiii«*dtately appreeiable. The aidiial 
work of reeonling the m«*asur«*mefits wa.s perfiiriiietl fitr tla* most 
part liy five stmieuls in lb«* Lab«*rah#ry. Miss lauiise U. Kvtntt, 
Miss Kuth Pitman, Mr. It. A las-, Mr W. S Heller, nml Mr. 
Arthur L Hates. The writer ean elaun as hts own littb* im»re 
than the Hnatysts of the liatu whieh have been bromdit to \m 
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hand by the combined forces of the laboratory. The Pearson 
coefficients of correlation have been calculated by Mrs. Margaret 
Hart Strong. 


II 

PROGEAM OP THE EXPERIMENTS 

The experiments fall into two large divisions, one performed 
in the spring of 1912, the other in the spring of 1913. For the 
present we need concern ourselves only with the first of these 
divisions. It involved twenty-six workers, each of whom prac- 
ticed on thirteen separate days according to the following 
scheme. 

First day’s work — One “boxing,” which consisted of prac- 
tice in handling the cards, in the prescribed way, putting them all 
in one box without sorting. No other preliminary practice was 
given. Then followed eight successive sortings in the order, 
diamonds, clubs, hearts, spades. Hereafter this order will be 
spoken of as the old, or “original,” order. It was followed 
exclusively for eight days of practice. At the end of the first 
day’s work, and at the end of each day’s work, a “boxing” 
record (\ising the prescribed motion in putting all of the cards 
into one box, but without stopping to look at the cards) was 
made. It was thought that this “boxing” record might afford 
some check on the purely motor factors in the sorting, but the 
results were disappointing. These records were continued only 
because they had been included in the work of those persons who 
did the experiment first. 

Second day’s work — Eight sortings in the “original” order, 
followed as always by a “boxing.” The boxing comes at the 
end of every day’s work and need not be mentioned again. 

Third day’s work — Four sortings in the “original” order. 
On the third, fifth, and seventh days only four sortings were 
made because of a secondary interest in the effect upon the 
practice curve of the nxunber of repetitions at a sitting. 
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Foitrih day's ireirA*— Ei^ht sorting in the **orij?iuar’ order. 

Fifth day's work- Vimr sortin.srs in the *'<>ri.i?:inar’ order. 

tlijrth day's «wA*«-Kight sorting in tlu^ **ori^innr’ (trder. 

Seventh daips irnrA*— Four sortings in the '‘orij^inaF’ order. 

Eighth day's leorfr— Eij»:ht sortings in the ‘‘originur’ <»rder. 

Ninlh day's work-- On this day the fatdor of interferenee was 
introduced. Two sortings were made in the “originaF’ order. 
Then fcdlowed four sortings in the ordt‘r, clubs, Hpad<Ns, hearts, 
dianumds. Finally two more sortings were made in the 
‘^originar’ order. 

Tenth, eleventh, and twelfth day's work-- On tluw days the 
work was the* same* eis on the* ninth exc<*pt that a fre'sh combina- 
tion of suits was use'el for the ^‘new” order. As on the ninth 
day, the four sortings in a ^^new*’ order were preeeded by two 
sortings in the original” order, and fon(nvi*d by two sortings 
in the ^'original” order. 

Thirteenth day's leorA* «Kight sortings in the ”<»riginnl” 
order without interf4*rence. 

Twelve <if the twt*nty-six w^mkers were wonuni, All, both 
the men and tlu* women, were University students, nu»stly under- 
graduates, who voIunt<H»red their servicf»s for this experiment. 

Half of the w'orkers practiced twic<* a week; the rf*st came 
four or five ti!m*H a wfH»k. This irregularity in the schedule wjis 
arrangetl purpo.Hely becnusi* of a secomlary interest in the t^ffect 
of the fretpH*ncy of the leK.Hons upon the hnirnitig curve. This 
matter nml that <if the number of practici* trials ut a sitting are 
<liHCUHSiKl sepnrntcdy in the last two sections of this papt'r. 
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Program for the Thirteen Days op Practice 



NINTH DAT 

1. Sorting, original order, D, 0, H, S 

2 << it tt tt 

3. Sorting, 1st new order, C, S, H, D 

^ it tt tt tt tt 

g] tt tt tt ft tt 

^ tt tt tt tt tt 

7. Sorting, original order, D, C, H, S 

g tt tt tt it 

Boxing 

TENTH DAT 

1. Sorting, original order, D, C, H, S 

2 it tt tt 1 1 

3. Sorting, 2nd new order, H, D, S, C 

4 tt tt tt tt tt 

tt tt tt tt it 

Q tt tt tt tt tt 

7. Sorting, original order, D, 0, H, S 

g tt tt tt tt 

Boxing 

ELEVENTH DAT 

1. Sorting, original order, D, C, H, S 

2 it tt ft tt 

3. Sorting, 3rd new order, S, D, 0, H 

^ tt tt it it ft 

Q tt tt tt tt tt 

Q tt tt tt tt tt 

7. Sorting, original order, D, 0, H, S 

g tt tt tt tt 

Boxing 

TWELFTH DAT 

1. Sorting, original order, D, C, H, S 

2. it it it tt 

3. Sorting, 4th new order, H, S, D, 0 

4^ ft tt ft tt tt 

5^ tt tt tt tt It 

0^ tt ft tt tt tt 

7. Sorting, original order, D, C, H, S 

g^ tt tt tt tt 

Boxing 



THIRTEENTH DAT 
1. Sorting, original order, D, 0, EC, S 
2 << << a ^ f 

ee {< cc (t 

it ec tf t( 

g tt ce <c tt 

it tt et tt 

j ft ft tt tt 

tt tt a tt 

Boxing 

All the sorting for the first eight days was in the same original order, 
diamonds, clubs, hearts, spades. 
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DKTAILH OF KXFKKIMKNTAL IMU)(4CI)rKK 


Thi* ilotnils of tin* prn«*tit‘o vv(»rk hnvi* only nn indinn*! tx'nrinj^ 
on tho roHults of t!io oxponmont tho oonclnsions nro uido- 
pon<lt‘nt (if thoso dotnils y<*( no pnipt»r conflosiorw oan ho 
ronoliod withtiut a (»nroful plnnnini? of tho dotails and a ri^dd 
.standardization of pro(*odnr«*. Tho vvtirkor aat in friiiit (if a 
atraiirht rtiw (if f(inr h(iX(‘H nil huilt ttH'tdhor. Katdi hox hud an 
(ip(‘nin^^ at tin* t(ip of its vorti(‘al fuco 17 cm. with* hy lo t*rn. 
hi^h. Tin* op(*nini;s vvoro H<»parat«»d hy a 1 cnn lionrd. Th(*y 
wort* (U oni. fr(ini tin* Htior, that i,s. thoy won* ahtiiif as hiidi as 
tin* t*lho\v (if tin* st»atod wtiokor. Aftor fnlliin^ iido thoir ro- 
sj)t‘otivt* oonipurtnnsits tin* oarda from all tin* htixos won* h‘d 
hy a olmtt* into a ainii^lo pih*, .s<» that tht* pack was Hhutlh*d notti« 
matioally. Tin* or(h*r (if tin* cards in tin* pa(*k was thor*‘f(ir(* 
(‘ntin*Iy a mattt‘r of (*hanct‘ and was nt*vor twict* tin* satio*. A 
(Minsidorahh* amount <if pr«»linunary oxpt‘rinn*nt h*d to tin* adop" 
lion (if a prt*Hcrihod nn*thod of haudliny: tin* cards, which was 
so siinph* that it was ntd subject to chaui^t* durink' tin* coitrst* 
of the ox(>orinn»nt. It had heen dmcovt*rf»d that any chaokn* (»f 
t(*chnitpn* (iuriuK practict* is Iikt*ly t<» liccomt* a sourct* of lar^** 
orrtirs. and ^r(*ail (*nr(* was taken ttt provi*nt such a chanm*. The 
puck of cards was ln*Id in the h‘ft (or least <h*xtcrouHi hand, 
hacks up. Hti that no (*nrd was seen until tln^ previous react i(in 
was comph»t(*. A card was pusln*d otT hy tin* I(*ff tluimh. H(‘ized 
hy the rikdit hand wdth tin* tinjifers on the ha<*k <»f the eard. tunn»d 
toward the worker, and thr(»wn into tin* Isix. fae** up. witlnuit 
further tundn^. Tin* exp(»rinn*nt«*r r«»eorded the time with a 
stcip-watch from tin* w(ird to the disappearance (»f tin* 

last (*urd. He nlsti rec(»rd(*d the errcirs, inclttdin^ amonv? thetn 
th<(se cards which fell t<» the Hour witln»ut «*nt**riiui: tin* tnoc. In 
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the end the errors were added into the time-record at the rate of 
one second for each error.^ 

Successive sortings were separated by the time required to 
pick up the cards and get them all faced down. This time varied 
somewhat, ranging from a little under two minutes up. Bight 
sortings and one boxing’^ consumed about thirty minutes, and 
about one minute can be allowed for each sorting. Smooth or 
ivory-finish “Congress” playing cards with gilt edges were 
used. Not more than three persons used the same pack of cards. 
The same person always used the same pack, and the pack was 
always new at the beginning of the practice, so that all the 
workers had cards which were about equally worn at any par- 
ticular stage of the experiment. 

On the top of the row of boxes, “ten-spots” of the four suits 
were displayed in the order in which the cards were to be sorted. 
These cards were side by side so that the first and last did not 
lie over the openings in their respective boxes. The workers 
were given what time they wanted to look over these “samples” 
each time before beginning to sort. Some people referred to the 
“samples” more or less frequently while sorting, others never 
raised their eyes after beginning to sort. Various individual 
differences were noted in regard to the contents of consciousness 
while sorting, but these observations do not throw any light on 
the essential problems of behavior which are primary in this 
paper. 

Throughout the experiments the workers were urged to do 
their best at all times. The records of all the workers were kept 
where the workers could hardly avoid seeing them, and each 
worker was urged to look over the records, so that the spirit of 
competition was strongly stimulated. 

1 It takes approximately fifty seconds to sort a pack of cards, and each 
card dropped or misplaced was considered practically equivalent to a 
card withdrawn from the pack. The subjects were kept aware of the 
method of scoring errors and the ideal of an errorless performance was 
kept before them. Some persons make a good many errors (as many as 
an average of three in a sitting), some make errors only rarely. ^ Some 
drop a good many cards through nervousness or clumsiness, some misplace 
a good many. 
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An attempt has been made to present the actual results of 
these experiments tof?ether with a rigid analysis of them, but 
with a minimum of theoretical discussion. The writer has at 
hand the replies to an elaborately directed introspection made 
by all of the workers in the first part of the experiment, covering 
their thoughts, mental attitudes, motor dispositions, images, and, 
in short, all the immediately observable contents of their minds 
while working. These documents contain much that is in- 
structive. The writer also has numerous hypotheses concerning 
the workings of the mental machinery during the process of 
learning and in the face of interference. Many readers, no 
doubt, will miss the accounts of the inner mental states, which 
seem to them at least as valuable as the mathematical measure- 
ments, but on the whole it seems wiser to present at this time 
only what is absolutely impersonal and definitely measureable. 


IV 

METHOD OB" PRBSBINTINO THE DATA 

Any particular record of a single trial is subject to consid- 
erable chance disturbances, either jis the result of comlitions 
alfwiting the attention of the worker, or because of particularly 
fortunate or unfortunate sequences of cards. A very slight 
circumstance may easily so upset a worker that ho is temporarily 
unable to apply himself at top speed to the work. On the other 
hand, when the cards come so that one follows another in neigh- 
boring I>ox<‘s, a fjister record can be made than when they jump 
back imd forth from end to end. When several cards of the 
same suit fall together the result is generally, but not invariably, 
a saving in time. In order to avoid so far as possible the evil 
efT(«its of such acci<lental disturbances, no single records have 
been considered, but always an average of at Uuiat two records. 
When more than two were available the best and the worst have 
been eliminated until two remained, and the average of these 
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wo taken. For the purpose of analyzing the data the following 
)oints have been considered, and are here presented in abstract 
ogether with the abbreviations used in referring to them in the 
various tables. All of these points are covered in Table I and 
ill of the abbreviations will be found in use there. 

1. The speed of work for any given day (captions A, B, C, D, 
B, and F in the tables). This is the median record for that day, 
expressed by the number of seconds required to sort the fifty- 
:wo cards into four suits, plus an allowance of one second for 
jach error of any kind. In giving the rank with respect to speed 
:he fastest is first, and this fact should be kept in mind when 
sonsidering correlations between speed and other measurements, 
lecause high speed is expressed by a low figure while high 
neasurements of other kinds are expressed by high figures. 

2. The speed at the beginning of the new orders of the ninth, 
benth, eleventh, and twelfth days (caption G) is the average of 
bhe first two records in the new order for all of those days to- 
gether. The speed at the end of the new orders (caption H) is 
the average of the last two records in the new order for all the 
four days. It will be recalled that there were four records in a 
new order on each of these days, and that they were the third, 
fourth, fifth, and sixth records in the eight which constituted 
the day’s work. 

3. The per cent gain from day to day (captions I, J, K, and 
L) is found by subtracting the speed on the later day from the 
speed on the first day and dividing the difference by the speed 
on the first day. The gain from the eighth to the thirteenth day 
(caption M) is the difference between the speeds of the eighth 
and thirteenth days divided by the speed of the eighth day. In 
giving the rank with respect to improvement the one who shows 
the greatest gains is first. 

4. The rate of attack on the first day (caption N) is found by 
taking the difference between the average of the first pair of 
records and the average of the second pair of records for the first 
day and dividing by the average of the first pair. The rate of 
attack in the nexv orders (caption 0) is found by taking the 



TABLE I 

Full data for each person, arranged in the order of speed on the first day. For fuller explanation of abbreviations see pp. ^77 ff. 
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average of the rates of attack for the four days when new orders 
were tried, and for each day it is found by taking the difference 
between the average of the first pair of records in the new order 
and the second (last) pair of records in that order and dividing 
by the average of the first pair. 

5. The loss per cent from old order to new order (caption P) 
is averaged for the four days when new orders were introduced, 
and is found by taking the difference between the average of the 
third and fourth records (which were the first in the new order) 
and the average of the first pair of records (which were in the 
old order) and dividing by the average of the first pair (old 
order). In giving the rank with respect to loss the person who 
loses most is first. 

6. The loss per cent from old order to old order with practice 
on a new order intervening (caption Q) is averaged for the four 
days on which new orders were inserted, and is found by taking 
the difference between the average of the last pair of records and 
the average of the first pair of records (four trials of the new 
order intervening) and dividing by the average of the first pair. 
In giving the rank with respect to loss the person who loses most 
is first. 

7. The errors per trial (captions E and S) are found by tak- 
ing the total number of errors made on the days in question and 
dividing by the total number of trials made on those days. The 
errors for the ninth, tenth, eleventh, and twelfth days are given 
regardless of whether the order was the old or the new. 

For the purpose of analysis the device has been adopted of 
dividing the twenty-six workers into two groups on the basis 
of their individual records in any of the functions covered by 
the above headings. One group contains the thirteen persons 
who attain the highest rank in that particular regard and the 
other group contains the remaining thirteen persons. This ar- 
rangement may be illustrated in the case of the measure of speed 
on the first day of work (Tables I and II). There are thirteen 
persons who may be called “fast’’ in contrast to the other thir- 
teen persons. These thirteen “fast” persons are segregated and 



280 Universitif of California Publications in Psifchology [Vol. l 


TARLFi I<x (^Si'cond KjrptTiment) 

Full data for each pcruon in the second (\rpcrimcnt. The abhreviationfi are 
the same tu't explained on pp, ^*77 ff, for Table L 



AA 

HB 

CO 

nn 

KK 

n 

.12 

KK 

hh 

»R 







IVtr ci'nt ffHlii from 

Krrora i>ar 



Spoed on day 



tlay tu dny 


trUl day* 

Kamo 

1 

2 

4 

« 

8 

1-2 

1-4 

l-fi 

1-8 

1-H 

Minn ('ow. 

nn.n 

4H.n 

40.8 

45.2 

4.5.5 

0.0 

12.7 

15.7 

15.1 

1.22 

Mr. MfO. 

54.5 

51.7 

4».0 

48.0 

40.8 

5.1 

10. 1 

10.8 

14.1 

.75 

Mina Whit. 

55. a 

r» 2 .a 

50.8 

50.0 

48.2 

5.4 

H.l 

0.0 

12.8 

.44 

MtHH Ark. 

55.7 

52.a 

40.0 

40.7 

42.4 

O.l 

10.2 

10.2 

22.0 

2.44 

Mr. Hug. 

5«.S> 

r>2.« 

50.8 

48.7 

47.2 

7.0 

10.7 

14.4 

17.0 

1.2.5 

Misit At. 

57.0 

54,5 

52.a 

50.8 

45.7 

4.4 

8.2 

lO.O 

10.0 

.08 

Mr. Jtm. 

57.a 

47.7 

47,0 

45.H 

42.0 

lO.O 

10.8 

20.0 

24.8 

1.00 

MUn ShA. 

50.4 

55.4 

50.2 

50.0 

40.7 

0.7 

15.5 

14,2 

10.2 

l.U 

Mr. R«l. 

5i).« 

na.o 

48.7 

40.0 

45.0 

!0.5 

18.7 

ltt.7 

22.0 

1.40 

Mr. Harl. 

oo.« 

52.0 

40.8 

45.0 

40.4 

12.7 

17.8 

24.2 

22.4 

2.04 

Mr. Fry. 

00. H 

5.5.0 

50.8 

40.8 

50.0 

0.5 

10,4 

IH.l 

17.8 

2.22 

Mr. Oh. 

01. a 

52.2 

40.5 

47.a 

40.2 

12.0 

10.1 

22.7 

24.4 

2.27 

Mittft Ot^rk. 

01 .a 

50.4 

51.1 

47.5 

40.2 

7.8 

10 5 

22.4 

10.4 

1.41 

Min* Kde. 

02.0 

54.5 

40.2 

40.0 

48.5 

12.0 

21.4 

20.8 

22.5 

1.02 

Mr. It« 

04,0 

00.5 

54, 1 

5t.O 

47.0 

0.2 

10.2 

10,7 

25. H 

1.27 

Mihk ftoji:. 

00.0 

5.5.7 

54.7 

48.8 

48.2 

10.2 

20.7 

20 2 

20.0 

.00 

Mr. niff. 

74.0 

57.1 

50. a 

54 4 

50.5 

22.8 

22 0 

2fi 5 

22.0 

l.Ort 

MImh l)y. 

74. H 

5H.2 

52.2 

50.0 

48.2 

22,2 

20.2 

22 4 

25,5 

,00 

Avi^rnffo 

0 1 .0 

54.0 

50.0 

40,0 

47.0 

U.O 

10,0 

10,2 

21 0 

1,40 


th<'ir rm>nls in <T«»ry otlH*r r<*Hp(H*t (hjhhmI on tho .so<»(»nd <lnv% 
jjrain from tho firHt to tho oitrhth <lny, oto.) nro nvtTUi^od fTablo 
IT). Wo nro thns in n poHitton to sny whnt may ho oxpi‘ott*d in 
any givon ronpoot of any ^rotip of pomom who dovolop htdtor 
than av(»ra,iro spootl at tho start of thoir praotiro work. In tliis 
wmy tho twonty-six p<*rson.s an* dividotl into two rival i 4 :rtmp« 
with r(*sp<‘ 0 t to various nspt'ots of thtur work. 

In a<hliti(»n to this rnnlo mothod of analysm th»» IVnrson 

eo-ofliciont of oorrolation^ (r 'll, , ) has horn ompltnM*<l 

VS.r® V^*/ 

in riumarouH instaiioos to show tho intrrplay of variotm moaHur«*« 
of nttainmrnt (for r.xaniplo. initial spoisl with amount irnint'd 
from praotiro). 

Tho orijrinal ttmmimnmiH nro Urn voluminous fi»r puhlira- 
tion. All tho fij^uros wdiioh lira to ooina iuuUt dtHrussion nro 
<lorivod from tho c’omlons<*d and analyml array of Tahlo t, 1'his 
tahio shows tho data arramrml on tho hasis of spood on tho first 
day (caption A). Similar tiihli^ had to fio o<mstruoto<l fiir 
oarh of tho various funotioim inoHmm*d, hut thoro iipponrs to 
bo no noo<l of inmtrtinK thorn. 

2 Th«»rntlik«% K, I#., Mental and Hoeiai MettMurcmenl^ 2; Vnpic» 

Una), p. 17H. 
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V 

THE RELATION BETWEEN SPEED AND THE CAPACITY 

TO LEARN 

Dividing the workers into two groups on the basis of their 
initial ability as measured by the median performance on the 
first day of practice, we get what may be called a “fast group” 
and a “slow group” (Tables I and II). The average time re- 
quired by these two groups to sort the cards is 59 and 73 seconds 


TABLE II 

Data considered with reference to A, speed on the first day 

Av- record Av. record Correlation be- 
dfast** group “slow” group tween speed and 


A. Speed* on first day 

59.2 

72.9 

.... 

B. Speed on second day 

54.6 

62.4 

.88 

C. Speed on fourth day 

50.3 

57.0 

.75 

D. Speed on sixth day 

48.8 

55.2 

.79 

E. Speed on eighth day 

48.2 

55.2 

.74 

E. Speed on thirteenth day 

46.2 

51.4 

.66 

Gr. Speed when beginning new order 

52.8 

59.7 

.74 

B!. Speed when ending new order 

49.5 

56.2 

.77 

I. % gain from 1st to 2nd day 

7.7 

13.9 

.64 

J. % gain from 1st to 4th day 

15.0 

21.4 

.65 

K. % gain from 1st to 6th day 

17.6 

23.7 

.71 

L. % gain from Ist to 8th day 

18.2 

23.9 

.57 

M. % gain from 8th to 13th day 

4.1 

6.7 

.36 

N. Bate of attack, 1st day 

4.1 

4.8 

.17 

0. Bate of attack, new order 

6.0 

5.4 

—.24 

P. % loss in passing from old to new 
order 

11.5 

12.2 

—.09 

Q. % loss in old order, due to inter- 
vening new order 

1.3 

2.3 

.15 

B. Average no. errors per trial, days 
1-8 

.96 

1.46 

.21 

S. Av. no. errors per trial, days 9-12 

1.13 

1.80 

.14 


* Note that high speed is expressed hy a small number while large 
gains or losses are expressed by a large number, so that correlations are 
really with slowness rather than speed. 
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respectively, so that they are clearly contrasted. These two 
groups maintain their identity remarkably throughout the course 
of the experiment. On the second day ten of the original thir- 
teen still hold positions in the ‘"fast group.’’ On the fourth, 
sixth, and eighth days eleven of them are still among the leading 
thirteen. An individual who is fast at the beginning is apt to 
remain fast, in comparison with his competitors, throughout the 
course of practice. There is a high correlation, as indicated in 
Table II, between speed on the first day and speed on any suc- 
ceeding day. 

But while those who start slow always remain relatively slow 
there is a distinct tendency on the part of the “slow” individuals 
to catch up with their faster rivals. This advantage of the 
“slow” persons with regard to improvement can be seen from 
the following survey, showing the absolute gain in seconds as 
well as the relative gain in per cent for each group. 

FAST GROUP SLOW GROUP 

absolute relative absolute relative 


1st to Slid day 4 see. or 8% 11 sec. or 14% 

1st to 4tli day 9 sec. or 15% 16 sec. or 21% 

1st to 8th day 11 sec. or 18% 18 sec. or 24% 


Yet even this advantage is transitory. The tendency to catch 
up is confined to the very first stages of practice. This appears 
distinctly from the following figures : On the first day the aver- 
age of the “fast” records is 81 per cent of the average of the 
“slow” records. On the second day it is 89 per cent of it, 
showing that the slower persons are making records more nearly 
equal to those of the “fast” group. But on the fourth, sixth, 
and eighth days the ratio becomes no more nearly equal, remain- 
ing at 88, 89, and 87 per cent on those days. 

If we consider the individual persons composing the “fast” 
group (on the basis of speed on the first day), we find that few 
of them are included among the quick “learners,” or those who 
improve most by practice. This might also be discovered from 
the correlation column of Table II, for there it is seen that low 
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speed is distinctly correlated with rapid and large gains from 
practice. 

There are a certain number of persons, however, who suc- 
ceed in obtaining positions among the rapid learners in spite 
of the fact that they were among the ‘‘fast” workers at the 
outset. 

From the 1st to 2nd day 3^ 

Prom the 1st to 4th day 5 of the original 13 fast workers are among 
Prom the 1st to 6th day 5 f the best learners. 

From the 1st to 8th day 4 

Two of these exceptional persons are very exceptional indeed, for 
they pass from relatively good positions on the first day (sixth 
and tenth best) to the very highest positions at the end of prac- 
tice on the eighth day. These two individuals (Mr. Gro. and 
Mr. Jos.) stand second and fourth in the rank of those who had 
made the greatest relative gains during the eight days of practice. 
Curiously enough, their nearest rivals for honors in this respect 
are the two individuals who were slowest of all at the beginning 
of work, and who, consequently had a wide margin left for pos- 
sible improvement. 

Apart from these exceptional cases it seems on the whole 
unquestionable that those persons who begin slowly will generally 
manifest a greater capacity for improvement (relative as well as 
absolute) than those persons who begin to work at a high rate of 
speed. The effect of practice in this complex process is to flatten 
out the differences between individuals. Yet evidently we may 
expect to find a certain number of exceptionally gifted indi- 
viduals who combine a high capacity for improvement with a 
better than normal initial performance. Moreover, the tendency 
of the slow persons to overtake their rivals disappears at an 
early stage of practice. 

Those individuals who work fast at the beginning are less 
likely to make errors than their slower rivals. Of course, the 
method of scoring makes it appear that a worker who makes a 
great many mistakes is slower than another worker who really 
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nuikos the same aptnul but with fewer errors. But the actual 
luuuber of errors Ls tw) small to account for any appreciable 
part of the slow time of the slower workers. The point is clear 
that fast workers an' much h>H8 prone to make mistakes than 
persons who for any rejiaon work more slowly. 

If we start from the point of view of achievement, instead 
of starting from the initial perfonnanee, we obtain new informa- 
tion. Tabh^ III shows that while those who ^ain most at the 


TAHLE rtl 


IkiUi ctinmlt'nd with rrfrnnev ta /, the pet emt t/ain matif between the flrMt 

anti Atvand iinya of praetiee 



Av. ri'edrtl 
rrtntp t»f 
*'t4tti<*k*' 

Af, rwttrd 
irr(ui|) ot 
**ltl«W** 
l«Arn«tni 

CanrttUUun 
twwn fiiin 
WrtuRg 

Anti 

A. <»n firnt <lny 

70.1 

61.9 

,64 

H. HjMM'tl on <lny 

59.2 

58.0 


<’. SjmumI tin ftiurth tiny 

54.3 

52.9 


IK S|uW dll «ixth <liiy 

53.2 

5(KH 


K. HjhmmI dll tiny 

52.5 

50.9 

,24 

R Hpml on thirttM»nth tiny 

49.4 

48. 1 


<K Hjidinl wht’ii bdjfiniiing nt»w artlt^r 

57.4 

r»5..3 


H, wh<*n ♦*ntIiu|iC ut'w drtli'r 

53.0 

52.1 


1. % from Int to 2iitl tiny 

15.3 

6.3 


•i- % K*‘in from Int to ‘tth <lny 

•JO o 

14.2 

.76 

K. % gnin frurn to tUh tiny 

23.0 

17.6 

.74 

1*, % gnin from Int tt» .*ith tiny 

24,H 

17.3 

.72 

M. % gain frdm Hth to I3th diiy 

5.2 

5.7 

.03 

N. Unt** of nttnfU, Int cluy 

4.2 

4.7 

.23 

O. liatd of nttiu*k, n4»w tirtU^rn 

6.2 

5.3 

,15 

IK % ItiMH in panning frtim oltl to mw 



order 

12.0 

12.0 


Q. % lit«H in <iUi drtl«*r, dm to intnr- 



vituing nnw tirtlt*rn 

1.4 

o o 



• Note that Hprrtt really means alou'nexx in the piirrelaltoaa. 


beginning of practice are apt to Im; amottK the slow starters, this 
comhinatitin tloes not continue. After the second <lny the group 
of “quick learners” make nearly as good time-nH-ctnls as the 
slower learners who were considerahly faster on the llrst day. 
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Table IV shows that the same thing is true with regard to 
the whole gain made during the eight days of practice. Those 
who gained most were originally rather slow, but after the second 
day they were hardly any slower than the others. There is no 

TABLE rv 

Data considered with reference to L, the per cent gain made during the 
eight days of uninterrupted practice 

Av. record Correlation be- 


Av. record 
group of 
“Learners’* 

group of 
“non- 
learners” 

tween capacity 
to learn 
and 

A. Speed* on first day 

70.5 sec. 

61.5 sec. 

.57 

B. Speed on second day 

60.1 sec. 

56.7 sec. 

— 

C. Speed on fourth day 

54.2 sec. 

53.1 sec. 

— 

1). Speed on sixth day 

52.4 sec. 

51.6 sec. 

— 

E. Speed on eighth day 

51.6 sec. 

51.7 sec. 

—.10 

F. Speed on thirteenth day 

48.9 sec. 

48.6 sec. 

— 

G. Speed when beginning new order 

57.4 sec. 

55.1 sec. 

.... 

H. Speed when ending new orders 

53.7 sec. 

51.9 see. 

— 

I. % Gain from 1st to 2nd day 

13.9% 

7.7% 

.72 

J % Gain from 1st to 4th day 

22.8% 

13.6% 

.80 

K. % Gain from 1st to 6th day 

25.3% 

15.9% 

.93 

L. % Gain from 1st to 8th day 

26.6% 

15.5% 

— 

M. % Gain from 8th to 13th day 

4.5% 

6.3% 

—.29 

N. Bate of attack, first day 

7.6 

1.3 

.35 

O. Bate of attack, new orders 

P. % Loss in passing from old to 

6.1 

5.4 

.06 

new orders 

Q, % Loss in old order, due to inter- 

13.1% 

10.7% 

.30 

vening new orders 

B, Av. no. errors per trial, days 

1.8% 

1.7% 

.18 

1-8 

S. Av. no. errors per trial, days 

1.20 

1.22 

.06 

9-12 

1.64 

1.29 

.20 


*Note that speed means slowness in correlations. 


connection between capacity for benefiting from practice 
(“plasticity”), and the final speed attained. Nor is there any 
indication that further practice would change the situation 
which remained virtually unchanged from the second to the 
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eighth day of practice. Large practice gains (Uv not insure the 
attainment of superior skill; on the contrary, they serve as a 
rule only to reduce the handicap of those persons who are slow 
at the beginning. 

The correlations between the gains made at various. stages 
of practice prove illuminating. Table IV shows that the tt»tal 
gain for eight days is less and h*ss clasidy ctunHH‘ted with gains 
at earlier stages. This meatm that the gains at earlier stagini 
were made by persons who failed to hold tht'ir own with reganl U\ 
further gains. The same thing is seen, Imt less clearly, in Table 
III. It reflects the fact alrtuuly imlientetl —that the temlency 
for the slow beginners to overtake thtnr more gifted rivals is 
short-lived. 

There is a very slight conneetum betwetm large gains from 
practice and a sudden attack (<juick iinprtu'ement) as indicated 
under Caption N in Tables III ami IV. 

There is no apparent coniuK».tion betw4»t‘n the amtmnt i»f prac- 
tice gain and the number of errors nuule during the periial of 
regular practice. 

Table V givt^s the reverse view of wliat we have just seen in 
Tablas III and IV. It is (dear that the tiual spt^ed nttuined is 
not closely connected with previous practi(H» guiiw. Thmv who 
have attained tlm highi^st Hp<*ed hav(* not done so by dint of 
practice. It should be olmerved, how'ev(*r. that if oih» may trust 
tlu^ indications of the rather W(^nk correlations in this table, it 
would appcuir that further practi(?e w(ndd result in a (‘orrelation 
iKjtweeu practice gain and final spetsl. As the matter stands, it 
is clear that the speed attained on the eighth day is almost wludly 
dependcmt upon the spml at whi(di the peraon starts, and not 
on his capacity for improvement by prn(di{»(*.‘^ 

* b^t it ba thought that the eight <lay« of are ihU «uiVe*io«t 

to enable the slow learners to reach their maximum it 

stateci that several of the slower persons have hemi prnetiiunl for longer 
periods on this work and that none of thorn has miule anv <*t>nsi»li'r 
able gam beyond the stage of the eighth f»r tenth iiny. fhe imtrtm 
margin remaining for further giiins after the eighth day is not sumrient 
to enable many persons to establish a correlation between l^nnl siieed and 
total amount gained. 
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TABLE V 

Bata considered with respect to E, speed on the eighth day, the last day of 
uninterrupted practice 


A. Speed* on first day 

Av. record 
“fast” 
group 

Av. record 
“slow” 
group 

Correlation be- 
tween speed* 
and, 

59.8 see. 

72.2 see. 

.74 

B. Speed on second day 

54.2 see. 

62.8 see. 



C. Speed on fourth day 

50.5 sec. 

56.8 see. 



B. Speed on sixth day 

48.3 sec. 

55.8 sec. 


E. Speed on eighth day 

47.4 see. 

56.0 sec. 

.... 

E. Speed on thirteenth day 

45.7 sec. 

51.8 see. 

.82 

<3r. Speed when beginning new order 

53.5 sec. 

59.1 see. 

.77 

H. Speed when ending new order 

49.6 see. 

56.1 sec. 

.81 

I* % gain from 1st to 2nd day 

9.1% 

12.5% 

.24 

J. % gain from 1st to 4th day 

15.3% 

21.1% 

.15 

K. % gain from 1st to 6th day 

19.0% 

22.3% 

.10 

% gain from 1st to 8th day 

20.2% 

21.9% 

—.10 

M. % gain from 8th to 13th day 

3.6% 

7.2% 

.55 

N. Bate of attack, 1st day 

4.9 

4.0 

—.12 

O. Bate of attack, new orders 

P. % loss in passing from old to new 

7.1 

4.4 

—.30 

orders 

Q. % loss in old order due to inter- 

13.5% 

10.3% 

—.34 

vening new orders 

B. Av. no. errors per trial, days 

1.1 

2.5 

.04 

1—8 

S. Av. no. errors per trial, days 

.90 

1.52 

.23 

9-12 1.23 1.70 

* Note that speed really means slowness in correlations. 

.08 


Those workers who are fastest on the eighth day are less apt 
to make errors than slower persons. Thus it appears that free- 
dom from error is associated with capacity for high speed, 
whether at the beginning or at the end, but that it is not con- 
nected with especial capacity for learning. 

The results of a second experiment (to be considered in more 
detail later) under different conditions of practice, support the 
points so far urged in regard to the relation between speed and 
the capacity to learn. Table 11a shows that speed at the begin- 
ning is closely correlated with speed at later stages of practice. 
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TABLE Ila {Second Experiment) 

Data considered with regard to AA, speed on the first day 


AA. Speed* on first day 
BB. Speed on second day 
CC. Speed on fourth day 
DD. Speed on sixth day 
EE. Speed on eighth day 
H. % gain from 1st to 2nd day 

JJ. % gain from 1st to 4th day 

KK. % gain from 1st to 6th day 

LL. % gain from 1st to 8th day 

BE. Av. no. errors per trial 


Av. record 
“fast*' 
group 

56.7 see. 

Av. record Correlation be- 
“slow” tween speed* 
group and, 

65.4 sec. 

52.1 sec. 

55.9 sec. 

.71 

49.2 sec. 

52.1 sec. 

.76 

48.5 sec. 

49.6 sec. 

.57 

46.1 sec. 

49.0 sec. 

.63 

8.0% 

14.0% 

.80 

13.0% 

20.3% 

.86 

14.3% 

24.0% 

.86 

18.4% 

24.8% 

.77 

1.20 

1.60 

.43 


* Note that speed really means slowness in correlations. 


TABLE Ilia {Second Experiment) 


Data considered in reference to II, the per cent gain between the first and 
second days of practice 

Av. record Av. record Correlation be- 

group of group of tween rapid 

“fast** “slow” learning and, 

learners learners 

AA. Speed on first day 

63.7 sec. 

58.5 sec. 

.80 

BB. Speed on second day 

53.5 sec. 

54.5 sec. 

.... 

CC. Sneed on fourth day 

50.6 sec. 

50.6 see. 

.... 

DD. Speed on sixth day 

48.6 sec. 

49.5 see. 

— 

EE. Speed on 8th day 

47.7 sec. 

47.7 sec. 

.37 

n. % gain from 1st to 2nd day 

15.5% 

6.5% 



JJ. % gain from 1st to 4th day 

20.2% 

13.2% 

.84 

KK. % gain from 1st to 6th day 

23.1% 

15.1% 

.86 

LL. % gain from 1st to 8th day 

24.8% 

18.3% 

.73 

BE. Av. no. errors per trial 

1.46 

1.33 

.... 


and that slow work at the start is correlated with rapid practice 
gains and with a large proportion of errors. Tables Ilia and IVa 
indicate that those who learn rapidly will attain a speed equal 
to the speed of their competitors in spite of the slow initial speed, 
of the ^‘learners.” Table Ya shows, as does Table V, that the 
final attainment of high speed is connected with initial speed 
but that it is not connected with large gains from practice. Of 
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TABLE TV a (Second Experiment) 

Data considered in reference to LL, the per cent gain in speed during the 
eight days of practice 


AA. Speed on first day 

Av. record 
group of 
‘‘learuers’* 

64.8 see. 

Av. record Correlation be- 
group of tween capacity 
“non- to learn 

learners” and, 

57.2 sec. .77 

BB. Speed on second day 

54.8 see. 

53.2 sec. 


CC. Speed on fourth day 

51:4 sec. 

49.8 sec. 


DB. Speed on sixth day 

49.4 sec. 

48.8 sec. 

.... 

EE. Speed on eighth day 

47.9 sec. 

47.3 sec. 

.01 

11. % gain from 1st to 2nd day 

15.1% 

6.9% 

.73 

JJ. % gain from. 1st to 4th day 

20.5% 

12.7% 

.83 

KK. % gain from 1st to 6th day 

23.6% 

14.7% 

.85 

LL. % gain from 1st to 8th day 

26.0% 

17.2% 

.... 

RE. Av. no errors per trial 

1.45 

1.33 

.00 


TABLE Va {Second Experiment) 

Data considered in reference to EE, speed on the eighth day of practice 

AA. Speed* on first day 

Av. record 
“fast” 
group 

57.4 sec. 

Av. record 
“slow” 
group 

64.6 sec. 

Correlation be- 
tween speed* 
and. 

.63 

BB. Speed on second day 

51.8 sec. 

56.1 sec. 

— 

CC. Speed on fourth day 

49.0 sec. 

52.2 sec. 

— 

DD. Speed on sixth day 

47.6 sec. 

50.4 sec. 

.... 

EE. Speed on eighth day 

45.5 sec. 

49.6 sec. 

.... 

II. % gain from 1st to 2nd day 

9.5% 

12.5% 

.37 

JJ. % gain from 1st to 4th day 

14.5% 

18.8% 

.34 

KK. % gain from 1st to 6th day 

16.9% 

21.4% 

.32 

LL. % gain from 1st to 8th day 

20.5% 

22.6% 

.01 

ER. Av. no. of errors per trial 

1.60 

1.19 

.01 


* Note that speed really means slowness in correlations. 


the nine persons who were classified as ‘^fast’’ the first day, 
seven were still ‘‘fast’’ on the last day, and all but two of the 
fast nine were poor learners. The significant thing is that these 
more gifted persons hold their lead in spite of their less con- 
spicuous gains. That they do not gain faster is probably due to 
the near approach of the absolute speed limit beyond which no 
further improvement is mechanically possible. 
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A superficial study of Table Ya the iiapmssion that 

those who were fast at the beginning have not been able to retain 
their immunity from error tlurinji: the later <lays. This appear- 
ance is largely accidental. The two pt^rsoris who succeeded by 
practice in crowding th<*ir way into tlu‘ fast group were both 
exceedingly prone to make errors. Itetwee^n them thty made 271 
errors, as against 81 made by the two workers tht^y displnced. 
This accounts for the large numluT of errtm made by the tmt 
group on the eighth day. 

The analysis so far seems to indicate that the nttninnu‘nt of 
high speed iti mudi work as this dt*pemls on native i*ndowtneut 
rather tlum on capacity for benefiting by practice. Persons who 
fail to make a relatividy gtiod showing at tin* beginning will not 
be apt to improve their relative pivsitions, in spite of the fact 
that they improve rapUUy. The only r<‘.sult oi their more rapid 
improvement is a r(*ducti<»n in the iiKsfdtite distance which s«*p- 
arates them from th(*ir more gifte<l e<mipetitorH. They remain 
behind in spite of all,* 

It should be borne in mirul that th«» amount of improvement 
is narrowly limited by th<* meehanicnl comUtionH of the experi- 
ment. No improvennuit whatever is ptjssilile beyond a eertaiu 
** physiological limit hence there is little room for improve- 
ment on the part of soim* of theme who begin very fast, whib^ 
the slow persons havt? very large poaHil»ilities beftire them. (Jur 
fastest record is 8fJ see<»iHls for the fifty-two enr<ls, or Sf‘ven tenths 
of a second for the complex dmerimination uiul all the m<ive- 
meats invoIve<l in tint r<*aetn»n. 


♦ Theso concluHioiiH ar« in Hutmtantinl agreerninit with of Thtjrn 
dike, Aner, Jour, rat/chol,, vol. Hi (tUilHj, j., uiul of WelU, Amtr, 

Jour, P/tt/choL^ vcU. <nn‘2), p. 75, <Nitit|tnre (Utller, of 

Psychol,, No, 24 (1012), ami Opnevun amt Thtirtuitkts Amtr, Jour, PnyrhoL, 
voi. 24 (IS)ia), p. 420. 
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VI 

ANALYSIS OF INTERFERENCE 

1. The part of the experiment dealing directly with the inter- 
ference of contrary habits now comes under consideration. The 
first measure of interference is found in the gain in speed made 
between the eighth and thirteenth days, practice on antagonistic 
orders having occurred on the intervening days. The data are 
presented in Table VI. The conclusion is obvious, indeed it 
might have been anticipated, that those persons who are capable 
of making the greatest advances during this period (that is, the 
persons who are least disturbed by the practice on the new 
orders) are as a rule slower in absolute speed on all occasions 
than the persons who iBnd themselves incapable of advancing 
under such circumstances. In other words, slow people are less 
likely to suffer from the interference phenomenon than are fast 
people. Furthermore, the correlations of Table VI give some 
slight indication of a connection between capacity for learning 
and the interference phenomenon, intimating that those who 
have made large gains during the period of regular practice 
cannot improve much in the face of interference. But the evi- 
dence on this point is weak. 

It should be observed in passing that the absolute amount of 
improvement for all persons together is considerably greater 
from the eighth to the thirteenth days with disturbed practice 
than from the fourth to the eighth days with uninterrupted 
practice. That is to say, the ultimate effect upon the group of 
disturbing the practice is to accelerate rather than to retard the 
learning process. Careful introspection by a number of the 
better trained among the workers revealed the fact that the 
introduction of the hew orders had compelled attention to various 
factors which had remained in the background during the regular 
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TABI^K Vr 

Data considered in reference to Af, the per cent pain in speed from the 
eighth to the thirteenth tiay, new orders intervening 

Corribhtitm b<»* 
twftfkn immvm* 

Av. wenrd At, m>«rd ity from 
‘uiir^tnrdi'd** *'r»^tftrd«»d‘* dUturbiknee 


A. Speed* on first day 

croup 

68.7 sec. 

smitp 

63.4 sec. 

snd, 

.36 

B* Speed on second day 

59.9 sec. 

57.2 sec. 


C. Speed on fourth day 

55.9 sec. 

51.4 m>c. 


D. Speed on sixth day 

58.6 sec. 

50,4 8«>c, 


B. Speed on eighth day 

58.6 w'C. 

49.7 m»c. 

.55 

P. Speed on thirteenth day 

4H.6 sec. 

48.9 sec. 


G. Speed when beginning new order 

57,1 sec. 

55,5 siH«. 

,25 

H. Speed when ending new orders 

53.4 sec. 

52.4 siH\ 

.28 

I. % gain from 1st to 2nd day 

n.9% 

9.7% 

.03 

J. % gain from lat to 4th day 

17.5% 

18.9% 

—.17 

K. % gain from 1st to 6th day 

20.8% 

20.4% 


L. % gain from 1st to 8th day 

20.6% 

21.4% 

—.29 

M. % gain from 8th to 13th day 

9.7% 

l.t% 

.... 

N. Rate of attack, first day 

6.3 

2.6 

.17 

0. Bate of attack, new orders 

5.9 

5.6 

—.18 

P. % loss in passing from old to new 
order 

10.8% 

13.0% 


<J. % loss in old order due to inter* 
veiling new orders 

0,8% 

2.8% 

.^.42 

R. Av. no. errors per trial, days 
1-8 

1.16 

1.26 

.09 

8. Av. no. errors per trial, days 
9-12 

1.30 

1.63 

.15 


* Note that speed mmnis slowness in e«rr«latii>n». 


practice, and th(we factora proved »w«*ful thereafter in the prac- 
tice on the old onler. For example, ai-vernl peraona had failed 
to observe that the order of (ianla, dtamonda, eliilw, hearts, spadea, 
was alternately red and black. After workitij? with a eomhina- 
tion that called for the two blacka together and the two rwla 
together, thew? persons nuwhi g«KKl »u«( <»f the i<lea it( alternating 
colors in the original order. 

While the group as a whole continued t<» acquire speed during 
the period of interruption, a number of imltvUluals failed to 
gain speed or actually lost api*e«!. The individual diffenuicea 
range from a gain of 16.5 (wr cent to a hiaa of over 10 pt»r cent. 
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Merely for convenience, we may speak of tlie persons who 
suffered from this particular form of interference as retarded^’ 
because they failed to gain from practice under these circum- 
stances. 

The ‘^retardation” is particularly noticeable in those excep- 
tional cases in which better than usual initial speed is combined 
with better than usual improvement from practice. The two 
workers who combined these qualities in a noticeable degree 
were among those most retarded by the periods of disturbed 
practice. Mr. Gro., who by the eighth day had obtained first 
position in regard to absolute speed and second position in regard 
to amount of gain in speed, having gained 34 per cent, lost 10 
per cent between the eighth and thirteenth days (more than was 
lost by any other person). The same combination of circum- 
stances occurred in the case of Mr. Jos. almost as strikingly. 

The number of errors rises noticeably during the days of 
interrupted practice, and on the thirteenth day it is much 
greater than on any day preceding the disturbance of practice, 
as is clearly seen from the accompanying array of figures. 


Interference as Indicated hy Errors. Actual Number of Errors Each Day 


nay 

1. 

344 ^ 

2. 

260 

3. 

in* 

4. 

249 

5. 

00 

6. 

216 

r. 

97* 

8 . 

250 

9. 

304 ^ 

10. 

315 

11. 

302 

12. 

295 

13. 

310 


Original order of practice. Average: 1.21 er- 
ror per trial. 


Practice interrupted by new order. Average; 
1.46 error per trial. 

Original order again. Av.: 1.64 error per trial. 


Only four instead of eight trials on these days. 
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What ^aiu is niadt* iri the score fnau the ei|?hth to the thir- 
teenth day is made in spite of a etuisiderabh^ handicap from the 
larger number of errors on the lattt'r day. Table VI imlieates 
that those who j^ain xnost durinj^: tlu* interval ludwei^n the (u»:hth 
and the thirteenth days have nuule leas errors heft»rt» the eij^hth 
day and wdll make less errors after the ei«:hth <lay than their 
competitors. And they make less ern^rs in spite of the fact that 
these persons are at)t to he “slow*” arul that the slower indi- 
viduals m a rule makt* more errors. 

2, A second indication <if inh^rferenee is the inal»ility to pass 
over from otu‘ scd of reaieiions to another witlunit the Itms of 
speed. This faetor is eonsitlered in TahU» VII and hillowinjf 
tables, and persons peetdinriy suhjeet ti» its intluenee will Ih^ 
referred to its ‘Misiurhetl.’" (^‘rtniii pt»rstin.H are inueh nuire 
capable of making such a shift than others; in this experiment 
the least disturbed person tt>c»k up thi' new order with a loss of 
only one per etuit in speed, wdiile the most ilisturlsHl perstm lost 
almost 23 per cent. The b*ss was measuretl on eneh of four days 
and in order to be sure that it tlitl nc»t vary too much from day 
to day (for the new order wiis a <litTiTi‘nt <me eneh day and the 
worker mij^ht ^row neeustomed, also, t(» tlu* interruption during 
the four days) the fijj^ures an* given separately hen* for each 
day. The iigures are also given for the eiirresptmdiug Htn»geH on 
the eighth and thirteenth days (immediately preceding and fol- 
lowing the disturbeil djiys) when no ehufigt* of order oeeurred, 
in order to show tluit tlu^ loss of speed is really tltu* ti> tlu* change 
of order and not to tlu* stage of the clay’s work, 

Sth (lay, mi cliaagt* of urtler, 
l»th ilny, change of onler, loioi 

10th <laty, change of onler, Uihk 

nth <iay, change of order. Ihah 

12th day, change of order. lOj'r, hii4« 

13th day, no change of order, 0.5% gain 

Dividinf^ tho twotity-Kix w«irk«*rK into two Kroiijm iw iM-fon*, 
but now on th(* baNiK of wdictlwr th«*y nro dinturlM'd or not in 
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taking up a new order, we find that the disturbed” persons 
were also largely “retarded” with regard to the amount of im- 
provement from the eighth to the thirteenth days. The correla- 
tion between these two forms of interference (captions P and M 
in the tables) is relatively high (.43). The persons who were 
disturbed in passing to a new order only gained about one-third 
as much during the days of disturbance as the persons who were 
less disturbed. It also appears that disturbance of this type as 
well as the other is accentuated in persons who, for any reason, 
work at high speed. It also appears in this ease as before that 
those persons who gain most from practice are the ones who are 
most subject to disturbance. Table VIII presents the same 

TABLE Vn 

Data considered with reference to P, the loss in speed in passing from the 
practiced order to the new order 


A. Speed on first day 

Av. record 
“disturbed” 
group 

64.6 sec. 

Av. record 
“undis- 
turbed” group 

67.4 see. 

Correlation be- 
tween amount 
of disturb- 
ance and, 
—.09 

B. Speed on second day 

57.2 sec. 

60.0 sec. 

.... 

C. Speed on fourth day 

52.1 sec. 

55.1 sec. 

.... 

B. Speed on sixth day 

50.4 sec. 

53.6 sec. 

.... 

E. Speed on eighth day 

49.6 sec. 

53.7 sec. 

—.34 

r. Speed on thirteenth day 

48.1 sec. 

49.4 sec. 

.... 

G*. Speed when beginning new order 

56.7 sec. 

55.9 see. 

.23 

H. Speed when ending new order 

52.5 sec. 

53.1 see. 

.08 

1. % gain from Ist to 2nd day 

11.1% 

10.5% 

.... 

J. % gain from 1st to 4th day 

18.7% 

17.6% 

.... 

K. % gain from 1st to 6th day 

21.4% 

19.8% 

.... 

L. % gain from 1st to 8th day 

22.8% 

19.3% 

.30 

M. % gain from 8th to 13th day 

2.6% 

8.2% 

—.43 

N. Bate of attack, first day 

4.0 

4.9 

.01 

0. Rate of attack, new orders 

7.2 

4.3 

.43 

P. % loss in passing from old to new 
order 

15.5% 

8.2% 


Q. % loss in old order due to inter- 
vening new orders 

2.3% 

1.3% 

.25 

R. Av. no. errors per trial, days 
1-8 

1.25 

1.17 

.07 

S. Av. no. errors per trial, days 
9-12 

1.60 

1.33 

.22 
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TABLE Vm 


Data considered with reference to €r, 
after practice in 

s'peed when "beginning a new order 
the old order 

Av. record Av. record Correlation be- 
dfast” ‘‘slow” tween low- 

group group speed and. 

A. Speed on first day 

59.9 sec. 

71.8 sec. 

.74 

B. Speed on second day 

54.7 sec. 

62.5 sec. 

.... 

C Speed on fourth day 

50.6 sec. 

56.7 sec. 

— 

D. Speed on sixth day 

49.0 sec. 

55.0 sec. 

.... 

E. Speed on eighth day 

48.5 sec. 

55.0 sec. 

.77 

E. Speed on thirteenth day 

46.1 sec. 

51.4 sec. 

— 

G-. Speed when beginning new order 

52.2 sec. 

60.4 sec. 

.... 

H. Speed when ending new order 

49.0 see. 

56.7 sec. 

.93 

I. % gain from 1st to 2nd day 

8.6% 

12.9% 

— 

J. % gain from 1st to 4th day 

15.4% 

21.0% 

— 

K. % gain from 1st to 6th day 

18.0% 

23.2% 



L. % gain from 1st to 8th day 

18.6% 

23.6% 

.... 

M. % gain from 8th to 13th day 

4.9% 

5.9% 

.25 

N. Bate of attack, first day 

4.1 

4.8 

.... 

O. Bate of attack, new orders 

P. % loss in passing from old to new 

6.0 

5.4 

.01 

orders 

Q. % loss in old order due to inter- 

11.0% 

12.7% 

.23 

vening new orders 

1.2% 

2.4% 

.19 

B. Av. no, errors per trial 

1.06 

1.36 

— 


matter in a somewhat different light. High speed on the new 
order itself, when beginning, is closely connected with high speed 
at all stages of the work, so that those persons who have attained 
a high speed at the end of practice are not, on that account, 
nnable to begin at a high speed on the new order. On the other 
hand, those who begin the new order at a high speed will not 
have improved by practice so much before as those who are 
slower in this, as in the original order. Furthermore the cor- 
relation between high speed in the new order and immunity from 
loss in taking up the new order, while positive, is not close (.23) . 
All this means that certain high-speed persons will experience 
serious disturbance and consequent loss in transferring to the 
new order, and yet that they will be able to retain their relative 
positions still in rank of speed in the new order. 
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TABLE IX 

Data considered with reference to S, speed attained on the new order at 
the 6ud of practice in it. This table is identical with Table 
VIII, except the column of correlation 


A. Speed* on first day 

Av. record 
“fast” 
group 

59.9 sec. 

Av. record 
“bW 
group 

71.8 sec. 

Correlation 
tween spe< 
and. 

.77 

B. Speed on second day 

54.7 sec. 

62.5 see. 


C. Speed on fourth day 

50.6 sec. 

56.7 sec. 



D. Speed on sixth day 

49.0 sec. 

55.0 sec. 



E. Speed on eighth day 

48.5 sec. 

55.0 sec. 

.81 

P. Speed on thirteenth day 

46.1 sec. 

51.4 sec. 



G. Speed when beginning new order 

52.2 sec. 

60.4 sec. 

.93 

H. Speed when ending new orders 

49.0 sec. 

56.7 sec. 


I. % gain from 1st to 2nd day 

8.6% 

12.9% 


J. % gain from 1st to 4th day 

15.4% 

21.0% 

— - 

K. % gain from 1st to 6th day 

18.0% 

23.2% 

— - 

L. % gain from 1st to 8th day 

18.6% 

23.6% 



M. % gain from 8th to 13th day 

4.9% 

5.9% 

.23 

N. Bate of attack, first day 

4.1 

4.8 


0. Bate of attack, new orders 

6.0 

5.4 

—.37 

P. % loss in passing from old to new 
orders 

11.0% 

12.7% 

.08 

Q. % loss in old order due to inter- 
vening new orders 

1.2% 

2.4% 

.37 

B. Av. no. errors per trial 

1.06 

1.36 

— 


* Note that speed means slowness in the correlations. 


It appears from Table VIII that the correlation is extra- 
ordinarily high (.93) between speed when beginning and speed 
when ending the new orders. As a matter of fact, the same 
thirteen persons lead in both cases, so that Table IX is identical 
with Table VIII so far as the grouping of persons is concerned. 
But the final speed on the new orders is more closely correlated 
with, speed in general, and still less closely correlated with the 
loss in passing over to the new order. 

As already indicated (p. 293), the number of errors increases 
on the days when new orders are practiced. The persons whose 
time records suffer most from the disturbance in passing over 
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to the iu‘w onlor make many mi^re errera than the h*HH tlustiirtHHl 
|U'rs<ms <lurinj4: the tlnya of interruption, altlouiijh they luul made 
very few m<uv previtum tu the dUtttrbunee. It .should !w‘ noted 
that the diserepaney (Table Vll) in t!ie number of errors (atHUit 
(Uie-third of an ern>r pi*r trial) is inetumulerable in eomjmrisnn 
with the dilTeretiee in the thud seore (about ftmr seeonds per 
trial). 

Interferenee in this pariietdar phase tends to inerease the 
number of errors whih* at the same tiiiu* retlueins: tht* spml. 

The neciuisition of speetl in a new order may Ih' more or hm 
subjeet to interferenee from the tlxed iisstHdations of the idd 
order. Table X .slmws the wtirki*rs divide*! into two jjrroupH on 
the basis of tht* rapidity with whieh tht*y inljust themselvt^s to 
tin* nt‘W <»rdt*r. This is mensuretl by tin* ^min in speetl frtuu the 
first pair of records in the new ortler ti» the stHsaul pair ^also in 
the m*\v onler). The liKures art* avera^etl ftir bntr tlnys, and in 
order to give asHurnuet* o( reasonable freetbmi from error on 
that account tin* ti«un*s ftir the separatt* tlays amt for the saune 
staige of work on tht* precetling and ftdltnving days are appt*mle<l. 

sth tluy, uttl i»r»f*’r, i;Hiu 

VtU «Iuy, iit^w 0.7 

mth f i . *^*1 KHin 

lUh tiny, toiw ortUtr, gnin 

I'Jth tiny, lutw nrtU’r, ^ain 

l.’Uh tiny, «ltl onlwr, o.h% 


The amount of improvement slrnwn in this shtirt time by 
different individuals ranges fmm tine per cent to tbirt<*t*n per 
cent. Thttse who mnkt* tht* largest gains may Is* tb*sigriatt*d 
**(puck beginners.** As might Im expeetetl, thtTe is a pi»sitive 
correlation Istiween gain in ilw nf»w tirtbr and spt*t*tl at the end 
of practice on tint turn onter, Tlmre is idsti a pt^titive ctirrelation 
with speed in general; that is, the “qtiiek h*ginners** ar** fdsti 
"‘fast*’ pttrsoim in the regular practice. It shoubl Ih^ nott*tl that 
there is some correhititjn In^tween the rate of attack in these m»w 
orders and tlie rate <»f attaek tm th«^ very first day, ns imlicuteil 
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in Tatle X under caption N. Apparently there is a char- 
acteristic method of beginning’ new work, some individuals start- 
ing abruptly, others hesitating and then plunging quickly in. 
It is obvious that those who, for any reason, fail to do their best 
on the initial trial will be able to make a false showing of sudden 
improvement. This condition may account in part for the dis- 


TABLE X 


Data considered with reference to 0, the rate of attacTc in the new orders 
(Per cent gain of the second pair of records over the first 
pair in the new orders). 


A. Speed* on first day 

Av. record 
group of 
“quick 
beginners’* 

65.1 sec. 

Av. record < 
group of 
“slow 
beginners** 
67.0 see. 

Correlation be- 
tween quick 
beginning 
and 
—.24 

B. Speed on second day 

56.8 sec. 

60.2 see. 



C. Speed on fourth day 

52.8 sec, 

54.4 see. 

. — 

D. Speed on sixth day 

51.1 sec. 

53.0 sec. 

.... 

E. Speed on eighth day 

50.3 sec. 

53.0 sec. 

—.30 

F. Speed on thirteenth day 

47.7 sec. 

49.9 sec. 

. — 

G. Speed when beginning new orders 

56.6 sec. 

56.0 sec. 

.01 

H. Speed when ending new orders 

51.6 sec. 

54.0 see. 

—.37 

I. % gain from 1st to 2nd day 

12.1% 

9.5% 

.15 

J. % gain from 1st to 4th day 

18.4% 

18.1% 

— 

K. % gain from 1st to 6th day 

21.0% 

20.2% 

— 

L. % gain from 1st to 8th day 

22.4% 

19.8% 

.06 

M. % gain from 8th to 13th day 

4.6% 

6.2% 

—.12 

N. Bate of attack, first day 

4.8 

4.1 

.24 

0. Bate of attack, new orders 

8.1 

3.4 



P. % loss in passing from old to new 

orders 13.9% 

9.9% 

.43 

Q. % loss in old order due to inter- 
vening new orders 

0.7% 

2.9% 

—.47 

B, Av. no. errors per trial 

1.14 

1.28 

.... 


* Note that speed means slowness in the correlations. 


tinct positive correlation between the rate of attack on the new 
orders and loss of speed in passing over to the new orders. 
Persons who are disturbed in beginning the new orders start in 
upon them slowly, but quickly make great gains, and as they 
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are apt to be, as we already know, ^'fast’’ persons, they soon 
attain to high speed in the new order. There is the further indi- 
cation that these persons are more apt to be “ learners than 
not, and that they are apt to belong to the “retarded” group 
with regard to their practice gains during the four days of 
interrupted practice. 

It is of passing interest to note that the actual speed when 
beginning the new orders is faster than on the second day of 
practice with the old order, and that the Tate of attack on the 
new order is considerably faster than the rate of attack on the 
first day. In other words, the starting speed and the rate of 
learning in the new order are both better on account of preceding 
work in another order. 

3. It has been shown that certain persons cannot continue to 
gain from practice when that practice is interrupted by practice 
on antagonistic reactions. It is further true that certain persons 
cannot resume the former reactions at their former speed after 
being interrupted. It will be remembered that the experiment 
was so arranged that on four successive days the schedule called 
for two trials of the old or practiced order, then four trials of a 
new order, and finally two more trials of the old order. The loss 
of speed between the first trials (before interruption) and the 
last trials (after interruption) is set forth in Table XI. The 
amount of the disturbance ranges in different individuals from 
a loss of about 9 per cent to a positive gain of nearly 6 per cent. 
That is, for some persons the interruption helped, or at any rate 
did not seriously retard, the resumption of work on the old order. 

A considerable improvement may be expected between the 
first and last trials of any day’s work without regard to inter- 
ruptions, and the following figures are included in order that 
proper allowance may be made for this factor. 

8th day, no interruption, 1.6% gain 

9th day, interruption, 1.8% loss 

10th day, interruption, 1.5% loss 

11th day, interruption, 1.5% loss 

12th day, interruption, 2.4% loss 

13th day, no interruption, 1.7% gain 
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TABLE XI 


Data considdTed with Tef6T6uc€ to Q, the loss of speed in the pTactical order 
on those days when a new order intervened between the beginning 
and end of practice on the old order. 


, 

Av. record 
‘interrupted^’ 

Av. record 
' “uninter- 

Correlation be- 
tween amount 
of disturb- 

A. Speed* on first day 

group 
66.8 sec. 

rupted” groui 
65.1 sec. 

) ance and 
.15 

B. Speed on second day 

59.0 sec. 

58.2 sec. 

.... 

C. Speed on fourth day 

53.7 sec. 

53.5 sec. 

.... 

D. Speed on sixth day 

51.6 sec. 

52.4 sec. 



E. Speed on eighth day 

50.9 sec. 

52.4 sec. 

.04 

E. Speed on thirteenth day 

49.2 sec. 

48.3 sec. 

.... 

G-. Speed when beginning new order 

56.3 sec. 

56.3 sec. 

.19 

H. Speed when ending new orders 

53.5 sec. 

52.1 sec. 

.37 

I. % gain from 1st to 2nd day 

11.3% 

10.3% 

.... 

J. % gain from 1st to 4th day 

18.7% 

17.7% 

.... 

K. % gain from 1st to 6th day 

22.0% 

19.2% 

.... 

L. % gain from 1st to 8th day 

23.2% 

18.9% 

.18 

M. % gain from 8th to 13th day 

2.9% 

7.9% 

■—.42 

N. Kate of attack, first day 

2.3 

6.6 

—.48 

0. Rate of attack, now orders 

4.9 

6.6 

—.47 

P. % loss in passing from old to new 

orders 13.4% 

10.4% 

.25 

Q. % loss in old order due to inter- 
vening new orders 

4.6% 

—1.0% 


R. Av. no. errors per trial, days 
1-8 

1.37 

1.05 

.26 

S. Av. no. errors per trial, days 
9-12 

1.56 

1.37 

.07 


* Note that speed means slowness in the correlations. 


Merely for the sake of convenience we may speak of those 
persons as ‘‘interrupted” who showed a loss and of those as “un- 
interrupted” who showed a gain, when the new orders were 
introduced in this way. Table XI shows that the individuals 
who were most “interrupted” made small progress from the 
eighth to the thirteenth day and that their losses were consider- 
able in passing from the old to the new order. They were very 
slightly slower than the “uninterrupted” persons at the be- 
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ginning of pnietioe, nn<l during its prugross, nml mun* tlistinctly 
so at the end of the new orders. They gaiinsl more fnmi regular 
practice than did the “uninterrupted,” Init they gained leas 
from practice on the new orders. Tu (ither wortls, the “inter- 
rupted” persons seem to he typical “learners.” hut at the same 
time they are “retanJed” as to the advance the learning 
process during the period of interruptions and they sufTer hack- 
sets in beginning upon new work. At the same time their rate 
of attack upon the new ord<*r8 is slow. 

The “interrupted” persons fall into a f«'w more errors than 
do their less interrupted competitors, hut t his may Im* ais'ounted 
for by the fact that they are slower, and “slow” individuals are 
prone to make mistakes. 

This portrait of the “interruptml” porson does not cor- 
respond wholly with what we know <if the ‘Misturhetl” group. 
The “disturbed” person is fimt, nml, apparently, his motor co- 
ordinations are well estahliahe<l. Any distiirhanc** of the con- 
ditions of his work up.sets the eo-<ir<linations ; he is momentarily 
arrested, then pnauanls with ala«^rity upon the new w<irk. The 
“disturbed” person ex{M*rienees (linieulty in breaking away from 
a course of actions to which he is nceust«im«al. The “inter- 
rupted” person, on the other hand, is so generally ineapalile 
that he performs neither the ohl nor tin* m*w well. 

The phenomenon of interference i»resent.s both aspects, dis- 
turbance with regard to adjustment t<t new <‘<*mlitions. nml inter- 
ruptions with regard to readjustment t<i old comlitimis. The 
one affects primarily those persons wh«i have attained to at least 
partial mJistery over the neees.sary co-tirdinafions ; the other 
affects primarily those persons who are tn<mpahle, nmler tlm 
conditions, of developing such mastery. 
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VII 

ANALYSIS OF INTERFEEBNCE THROUGH 
INDIVIDUAL TRAITS 

Three distinct measures of the interference effect have now 
been considered: 

1. Diminution of practice gains as the result of taking up the 
practice of new orders. 

2. Loss of speed in passing from old to new orders of re- 
action. 

3. Loss of speed in the practiced order due to intervening 
practice upon different reactions. 

These three measures of interference correlate strongly with 
one another, and yet analysis shows that they rest upon different 
fundamental traits. Interference is not simple in its operations, 
but affects different persons differently, according to their 
native endowment and their capacity for learning. 

It may be of some interest to examine in detail certain of the 
characteristics of the individual persons who are most or least 
subject to the interference phenomenon in its three chief phases. 

In Table XII we see that there is a considerable overlapping 
in the personnel of the disturbed groups. In any one group 
there are five persons who are found in both of the other two 
disturbed groups. In any group there are six more who are 
found in one of the other groups. And there are two persons 
in each group who are not found in any other group. There are 
six persons who are entirely immune from interference. This 
table shows in this peculiar interlocking of the groups, the basis 
for the correlations between the various phases of the interference 
phenomenon. 

In Table XIII we have a synopsis of Table XII in so far as 
it reveals certain of the characteristic traits of the individuals 
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TAHLK XI r 

Classification of the persons who suffer from tiifferent farms of interferenev. 
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TABLE Xni 

Analysis of certain of the Characteristics of the Persons peculiarly subject to, or 


immune from, 

the Effects of Interference. 
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each group a certain 
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Fast on the first day 

7 

7 

6 

6 

6 

7 

Slow on the first day 

6 

6 

7 

7 

7 

6 

Learners 1st to 8th day 

7 

8 

7 

5 

4 

5 

Non-learners 1st to 8th day 

6 

6 

6 

8 

9 

8 

Both fast and learner 

3 

3 

2 

1 

1 

2 

Both fast and non-learner 

4 

4 

4 

5 

5 

5 

Both slow and learner 

4 

5 

5 

4 

3 

3 

Both slow and non-learner 

2 

1 

2 

3 

4 

3 

Quick advance, new order 

8 

10 

5 

7 

3 

8 

Slow advance, new order 

5 

a 

8 

6 

10 

5 


who are either seriously or only slightly disturbed by the inter- 
ference phenomenon in the three ways indicated. The points 
brought out are the same as already discovered by statistical 
methods, but it may be worth while to reiterate them here, chiefly 
perhaps for the benefit of those readers who have a tempera- 
mental distrust of coeflScients of correlation. 

1. Of the ‘‘retarded’’ persons who make the least headway 
over the period during which they practice new reactions, and of 
the “disturbed” persons who encounter a difficulty in taking up 
a new set of reactions, there are more individuals who start at a 
high rate of speed than at a low. But just the opposite is true 
of the “interrupted” persons who find difficulty in resuming 
the accustomed order after a change. 

2. It is very clear that those who sufPer from interference 
of any kind are much more likely to be “learners,” who have 
gained considerably from practice, than not. And the majority 
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of those who are immune from interference are non-learners. This 
is particularly true of the disturbance in passing from a prac- 
ticed to a new order. 

3. The rare combination of fast worker and good learner is 
peculiarly liable to suffer from interference, while the com- 
bination of slow work and inability to learn secures practical 
immunity from interference, particularly in passing to a new 
order. Such a stupid person can do anything almost as well as 
that upon which he may be engaged at the moment. 

4. The most of those who are disturbed in approaching a new 
order, or whose advance is retarded by practice upon it, are able 
to advance rapidly in the new order itself. But most of those 
whose day’s work is interrupted by the interjection of new orders 
fail to advance much in the new order. 


VIII 

THE EXTENT OP THE PHENOMENA OP 
INTERPERENCE 

The part of the experiment which has been so far considered 
was devised primarily to permit of an analysis of the gifts and 
capacities underlying the phenomena of interference. Incident- 
ally, however, certain quantitative observations could not be 
avoided. Thus it is clear that practice beyond the eighth day 
results in a considerable improvement in speed in spite of the 
fact that regular practice is disturbed by the intrusion of prac- 
tice on antagonistic reactions. The actual amount of the im- 
provement from the eighth to the thirteenth day is considerably 
greater than the amount from the fourth to the eighth. 

Speed 3rd day, 56.2 sec. Speed 4th day, 53.6 sec. Speed 8th day, 51.7 see. 
Speed 8th day, 51.7 sec. Speed 8th day, 51.7 sec. Speed 13th day, 48.8 sec. 


Gain — 4.5 sec. 


Gain. 


1.9 sec. 


Gain. 


2.9 sec. 
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Thus it appears that constant interference with practice does not 
prevent the steady growth of habit. Unfortunately the nature of 
the interference itself prevents the determination of any points 
on the practice curve between the eighth and thirteenth days. 
No adequate record of the speed could be obtained on those days 
because the speed was affected by the interference and because 
the usual number of regular records could not be made while the 
interference records were being made. 

A second indication of the amount of the interference effect 
appears in the fact that the speed obtained in the new orders, 
which are begun directly after the practice on the accustomed 
orders, is better than the speed at which work was originally 
begun. It is nearly equal in fact to the speed obtained on the 
third day of practice in the original order. 

Speed 1st day, original order, 66.0 seconds 
Speed 3rd day, original order, 56.2 seconds 
Speed when beginning new order, 56.3 seconds 
Speed when ending new order, 52.9 seconds 
Speed 6th day, original order, 52.6 seconds 

Moreover, the improvement shown in the new orders as be- 
tween the first two trials and the second (last) two trials is as 
great as that shown in three days of regular practice. Any inter- 
ference which may appear in individuals is overshadowed in the 
whole group of workers by transference of skill from one set of 
reactions to another; four trials of any new order sufSce to 
acquire a speed that it required six days, or forty trials, to acquire 
in the original practice. 

The observation of these facts raised the question whether 
the learning of a second set of reactions to identical stimuli in 
any way interferes with the execution of the accustomed re- 
actions. The classical experiments of Miinsterberg® show that 
both sets of reactions may exist side by side, but unfortunately 
he does not consider the loss of time which may possibly be in- 
volved in instituting one reaction rather than the other. 

0 Miinsterberg, H., Beitrdge sur Experimentellen Psychologie, (Frei- 
burg i. B., 1892), Heft 4, p. 69. 
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The relatively large interference found by UergHtrchti* must 
be largely discounted in view of the *HubsiM(ut‘nt arid much more 
radical experiments of Rair.^ For some reason n large part of 
the work upon this topic has been devoted to ^mtirely H(‘eondnry , 
points, such as the dependence of the interfertuiee efft'ct upon the 
interval elapsing between trials, or upon the number of practices 
given at a stretch before the change, or the total number of prac- 
tices preceding the change. The recent pa{)er of Fuller’' only 
partly presents what is really the practical qm^stion underlying 
all this work: Is the advance of learning in tme set of reactionH 
seriously (or at all) disturbed by learning a difTert*nt st^t of 
reactions to the same stinudius? In other words, ean we learn 
to do a thing a new way without impairing the growth of the 
habit of doing it in the aecustoined way? 

In order to answer this (pieHtion mort* tdenrly a sectuul set of 
experiments wius instituted in the spring t»f llUIl. Kighteen 
volunteer student workers were drawn from elasses corrcspomling 
to those of the previous year. Kvery prt*<’nution was taken to 
have the conditions exactly the same lus hef<»re. 

Practice was given for eight days in sorting the curds in the 
^‘old order’" according to the sehechde arranged the year hefon*. 
This practice (twice a week) correspondetl exactly in <*V4*ry re- 
spect with the first eight days of prnctict* in UU2. There was 
just one difference, and that was that each tiny ttf [»rntd.ic*< wais 
followed, twenty-four hours later, by an tspud amount of practice 
in sorting the cards in the order: ehdm, sputh*s, tlianmiulH, hearts. 
The result is that while the workers of this gnmp hatl tin* samt* 
practice in the old order as their pnslect^asom tht»y had also, <m 
alternate days, an cuiual amount of practice in another order. 

Table XIV premmts a comparison Isdwetm tht* crutle n^sidts 
of the two experiments. Allowing for certain irregularitii^ in 
both groups on the eighth day, it appears from this table that the 
workers in the second, or ^interference,” gnmp were not able 

Jour. Paycholf 5 (ISOS), p, nml « (IHUi), |i. UX 

7 The Practice Curve, New York, 1902. 

^ArcMvcB of Psychol, No. 24, 1912. 
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to maintain their ori#>:inal superi(»rity i!i spt*e(l over the workern 
who had nninterrupted pnietiee the year ludort*. Intertereriee 
does seem to inatiiiVst slip:htly to tlit* thdriiuent ot those who 
were trying to learn to sort tlie enrds both ways. 

But some allowance ought to !m‘ made for the fact i Table 
XIV) that there happenetl t<» be m(»re **faHt’' indivitluals (in 
regard to initial speed) in the second expt‘riment than t!u‘re were 
in the first. This fact rather thim the idfunt'iit of interference 
might easily be responsible f<»r the Homt*what slower improvement 
of the second experimcuit, for ns a rule fast perstms art' not ns 
capable of improv<‘m<‘nt as slow ones. In or<b*r to get ri<l of this 
objection and make tlie two grotips more ilireetfy eompnrabte a 
fresh computation has l)een nmd<» in which cf‘rtain persons have 
been eliminated from each gnmp. Kn»m the seetmd grotip have 
been taken four of the six fastest perstins» lt‘Hving two who make 
better than 57.2 seconds us in the first grioip, From tlu* workers 
in the first group all have been eliminated wlm etmbl not be 
paired (approximnti»ly) with pei'sons in tht» seeoml grimp, There 
remain 14 ptTsons in (*ncli experiment. The uggn^gate time is 
exactly the same f<»r thi* twt* grtaips and intlividiml in cme 
group is cl<KS(*ly {minal witli s<ime individual in the other group. 
The elimination has iusai made wdiolly on th** basis of the speed 
on th(^ first day without any reganl to the subsequent j>er- 
formanee of those wluj remain or of tlmse who are elirninated.** 

Table XV shows the methotl of elimination, Table XVI 
shows the comparison of the two groups t»f workers after elim- 
inating to make the two groups strictly t*oinpanibte. It imw 
appears that tin* group subjeete<l hi ititerferertee nctttnlly learned 
faster than tlm group which had uninterrupietl practiee. Ap- 
parently tlu^ practice (in the si*c(aid ordiT helped iit the learn- 
ing of the first ord<»r. It is partieulnrly interesting that the 

0 The great <Ufference in the iiiitiiil nqineitii^ uf twe ttw? 

mcmherH of which came from preeUeh* the wune uf mu twe 

succemive years, eaniit»t faii to iin|»r*i!»i one with the tbinger *tt itver hasity 
g(meralizatit)n from <ltttii otaainmi from a e»imjnirati%e|y simaU namtier «f 
in<livi<lualH. Kveu a h»w vitriatton is no gtiarante«^ that umaher gr«m|i t»f 
pornoriH will not preaent an critir«’ly tUfferent range of capacOim 
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TABLE XV 


Showing the initial speed of all the persons in "both experiments, and show- 

ing which persons 

were eliminated because no person of a 

cor- 

responding speed could he found 

in the other experiment. 


First experiment 


Second experiment 

Name 

Speed 

Name 

Speed 

Mr. Ott. 

52.0 

Miss Cow. 

53.6 



Mr. MeC. 

54.5 



Miss Whit. 

55.3 

Mr. Fish. 

55.7 

Miss Ack. 

55.7 



Mr. Sug. 

56.9 



Miss At. 

57.0 

Mr. Buck 

57.2 

Mr. Jen. 

57.2 

Miss Pit. 

58.2 



Mr. Har. 

59.1 



Mr. Gro. 

59.2 



Mr. Pro. 

59.6 

Miss Sha. 

59.4 

Miss Sco. 

60.0 

Mr. Bol. 

59.9 

Mr. Cook 

60.5 

Mr. Hari. 

60.6 

Mr. Jos. 

61.0 

Mr. Pry. 

60.8 

Mr. Dav. 

61.6 


61.2 

Miss Jack. 

62.5 

Miss Cock. 

61.2 

Miss McK. 

63.5 

Miss Edg. 

62.6 

Miss Suth. 

63.7 

Mr. Ito 

64.6 

Miss Todd 

65.2 



Miss Bald. 

66.0 



Miss By. 

67.1 



Mr. Hel. 

68.1 



Mr. Cam. 

69.6 

, Miss Bog. 

69.0 

Miss Mor. 

72.9 



Mr. Horn. 

73.7 

Mr. Hig. 

74.0 

Miss God. 

74.0 

Miss By. 

74.8 

Mr. Bos. 

78.4 



Mr. Po. 

79.4 



Miss Hod. 

83.3 



Mr. Bris. 

86.0 



Av. before 




1 1 m O 4*1 /\n 

(if; n 


61.0 

G 1 1 ni 1 11 3» lii 0 n 

Av. after 




elimination 

62.4 


62.4 



Computed foe 14 Persons op Approximately Equal Speed in Each op the Two Experiments 
Average Speed for each Bay of Practice. 
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second day shows a much larger gain over the first when a new 
order of work has intervened. This agrees perfectly with the 
theory that the learning process was facilitated in the first experi- 
ment on those days when new orders were practiced. 

The inference to he drawn from these experiments is that 
learning to do a thing in two different ways is not detrimental. 
It may even be helpful. How well the second order was learned 
we do not know. The cards could be sorted in the second order 
more quickly and with less feeling of effort than in the “old 
order.” There is no ground, therefore, for comparative measure- 
ments. 

While interference is wholly lacking as regards the steady 
development of skill in sorting the cards, yet it manifests itself 
in two ways unmistakably. Both Tables XIV and XVI show that 
the “rate of attack” was much faster with interference than 
with normal practice. That means that there was a loss of speed 
at the beginning of each day’s work due to the persistence of an- 
tagonistic tendencies from the order which had been practiced 
on the preceding day. The daily records are based on medians 
from which the extremely long and extremely short records have 
been excluded. In all probability the average for the day would 
be influenced by the slow records at the beginning of the day’s 
work, and an array of figures computed from averages might 
show an interference effect upon the practice gain. It is true, 
however, as shown here that the interference phenomenon is 
confined to a few trials on first beginning work, and does not 
effect the increase of skill in performing the action in the ac- 
customed manner. 

Interference shows itself again unmistakably in an increase 
in the number of errors. It has already been mentioned (p. 293) 
that the errors increased in the first experiment on those days 
when two different orders were practiced and also on the thir- 
teenth day when the old order was resumed after four periods 
of interruption. It is clear from Tables XIV and XVI that the 
number of errors was considerably greater in the second experi- 
ment (interference) than in the first (normal practice). No such 
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difference was discoverable on the first day of practice in the 
new experiment and no ground for its appearance on the later 
days can be found, except the antagonistic tendencies which per- 
sisted from practice on the interpolated order. Unfortunately 
it was not found practical to keep ‘a separate record of those 
mistakes which Culler aptly calls “relapses.”^® 


IX 

SEX DIFFEEENCBS 

Table XVII is arranged to show what differences there are in 
these experiments between men and women. The first experiment 
seems to give very definite results. The men are faster. They 
do not learn so fast at first but they learn more toward the end. 
The men attack the work more quickly at the beginning (first 
day). They suffer much more loss in the old order due to inter- 
ruption by the new order. They suffer more loss in passing to 
the new order. They do not gain so much in the new order, but 
they gain slightly more during the disturbed days from the eighth 
to the thirteenth. The men make more errors at all times. From 
all of this numerous interesting inferences might be drawn. But 
the second experiment fails to confirm the first in nearly all of 
these respects. It shows no sex differences of any consequence 
except that the men still make more mistakes. We are confronted 
with one of those cases in which the temptation to generalize is 
nipped in the bud by the failure of the experiment to permit of 
repetition. Inferences with regard to such matters as sex differ- 
ences are extremely dangerous at best, and the result shows in 
this case how even quite clear figures resting on a fairly large 
number of eases may prove to be misleading. 

Something of the same sort happened in the case of a correla- 
tion which was established in the first experiment between youth 


^0 Archives of Fsychoh, 24 (1912), p. 59. 
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and capacity for improvement. No sneh correlation appeared in 
the second experiment. 


TABLE XVn 

Data considered with reference to Sex 


A. Speed on first day 

B. Speed on second day 

C. Speed on fourth day 

D. Speed on sixth day 

E. Speed on eighth day 

F. Speed on thirteenth day 

Gr. Speed when beginning new 
order 

H. Speed when ending new order 

I. % gain from 1st to 2nd day 

J. % gain from 1st to 4th day 

K. % gain from 1st to 6th day 

L. % gain from 1st to 8th day 

M. % gain from 8th to 13th day 

N. Bate of attack, first day 

O. Bate of attack, new orders 

P. % loss in passing from old to 

new orders 

Q. % loss in old order due to in- 

tervening new orders 
B. Av. no. errors per trial, days 
1-8 

S. Av. no. errors per trial, days 
9-12 


First e^eriment 

Second experiment 

Men 

Women 

Men 

Women 

65.4 

66.9 

61.0 

61.0 

58.0 

59.3 

53.7 

54.1 

53.2 

54.2 

50.7 

50.4 

51.4 

52.8 

49.2 

48.9 

50.8 

52.8 

47.7 

47.4 

47.8 

50.0 



55.4 

57.5 



52.1 

53.8 



10.6 

11.1 

11.5 

10.5 

17.9 

18.6 

16.6 

16.6 

2o!7 

20.6 

19.2 

19.0 

21.4 

20.6 

21.6 

21.4 

5.6 

5.2 



5.1 

3.6 



5.5 

6.0 



12.3 

11.2 



2.4 

0.9 



1.32 

1.06 

1.69 

1.10 

1.52 

1.38 




THE INFLUENCE OF THE INTERVAL BETWEEN 
SITTINGS 

Numerous experiments have given indications of a law of 
diminishing returns in the process of learning, through the opera- 
tion of which each of a series of repetitions is rendered less effec- 
tive than an earlier repetition in the series. And at the same time, 
it has been conclusively shown that repetitions are more effective 
which are well separated from one another in time. Thus the 
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maxim has been accepted that the economy of learning is pro- 
moted by making only a few repetitions at rather infrequent 
intervals. Most of the experiments upon which these conclusions 
are based have been concerned with that type of learning 
which is manifested in rote memory and more particularly the 
learning of nonsense syllables or of codes. On the other hand, 
the common practice of those who teach typewriting, telegraphy, 
and the playing of musical instruments seems to indicate a belief 
in the effectiveness of numerous and frequent repetitions in that 
type of learning which involves the automatization of motor re- 
sponses. 

The program for the first of the two card-sorting experiments 
was so arranged that half the workers practiced five times each 
week while the other half of them practiced only twice a week 
(i.e., either Monday and Wednesday or Tuesday and Thursday) . 
Improvement is measured from the first to the eighth day (the 
last day of undisturbed practice) in per cent of the first day’s 
speed. No very clear results appear. The improvement shown 
by the slow individuals weighs too heavily in the average, and 
the range of achievement (some improve three times as much as 
others) is too great, to permit of a fair comparison of the results 
obtained from the two schedules. 

The results as they stand (Table XVIII) indicate that the 
persons taking the daily schedule were, on the average, slower 
than the others, and so had a better chance of improving, and yet 
their relative gain is less. But this result is so evidently de- 
pendent upon the work of certain individuals that no reliance 
can be placed in it. 

If instead of the average gain we consider the median, we find 
that the improvement by practice twice a week is not so great as 
by daily practice. If we eliminate from each group all the indi- 
viduals who cannot be closely paired with an individual in the 
other group, we have left only five in each group. These five are 
starred in Table XVIII. Starting with approximately the same 
initial speed, the five who worked twice a week made greater 
gains than the five who worked daily. 
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TABLE XVm 


The advantage of daily practice over practice twice a week. The gain 
calculated from the median record of the first day to the 
median record of the eighth day. 


Name 

Mr. Har.* 

Daily practice 

Speed Gain % from 
let day Ist to 8th day 
59.1 12.7 

Name 

Mr. Ot. 

Practice twice a week 
Speed Gain % from 
1st day Ist to 8th day 

52.0 14.6 

Miss Scott.* 

60.0 

15.8 

Mr. Pish. 

55.7 

17.4 

Mr. Jos.* 

ei.o 

29.4 

Mr. Buck 

57.2 

10.7 

Mr. Dav, 

61.6 

22.7 

Mr. Gro.* 

59.2 

33.8 

Miss MeK.* 

63.5 

20.4 

Mr. Pro.* 

59.6 

13.1 

Miss Todd. 

65.2 

17.8 

Mr. Coo. 

60.5 

18.0 

Miss Bal. 

66.0 

26.5 

Mr. Doug.* 

60.9 

14.6 

Miss Ry. 

67.1 

17.7 

Miss Jack. 

62.5 

11.8 

Mr. Hel. 

68.1 

23.7 

Miss Suth.* 

63.7 

24.2 

Mr. Cam. 

69.6 

17.4 

Mr. Po.* 

79.4 

28.4 

Miss Mor. 

72.9 

19.7 

Miss Hod. 

83.3 

37.4 

Mr. Horn. 

73.7 

26.7 

Mr. Bris. 

86.0 

30.2 

Miss God. 

74.0 

18,1 




Mr. Bos.* 

78.4 

22.8 




Average 

70.0 sec. 20.8% 


65.0 

sec. 21.2% 

Median 

66.5 

20.0 


60.7 

17.7 

Av. starred 






or paired 
persons 

64.4 

20,2 


64.5 

22.8 


Note. — Table XVIII omits Miss Pit., who practiced three times a week, 
and includes Mr. Doug., who does not appear in previous tables because 
his work did not extend beyond the first eight days. 


XI 

THE INFLUENCE OF THE NUMBER OF REPETITIONS 
AT A SITTING 

It will be recalled that the schedule (see page 273) of the 
practice work called for only four trials on the third, fifth and 
seventh days, whereas there were eight trials on all the other days. 
It was the object of this arrangement (which may have proved 
rather confusing to the reader at times) to discover whether the 
improvement resulting from four rounds of practice was appreci- 
ably less than that resulting from eight rounds. 
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The possible advantages to be derived from increasing the 
number of repetitions made at a sitting are of two sorts. In the 
first place, the prolongation of the practice may result in the 
achievement of a higher level of efficiency at that time. Having 
reached this level, one expects to be able to advance beyond it on 
a subsequent occasion. One aim of practice is to increase skill as 
much as possible at each lesson, and conceivably, this purpose may 
be promoted by prolonging the process of repetition. 

The data for the second, fourth, sixth and eighth days, on each 
of which eight practice records were made, indicate that there is 
a slight chance that a better single record will be made in the 
second half of a forty-minute period of practice than in the 
first half, but that this chance is less after the stage of most 
rapid learning has been passed. Table XIX is based upon a com- 
parison of the best of the first four records and the best of the 
last four. If the continuation of the practice is immediately 
profitable, a better record will be found among the last four 
records than has been made in the first four. On the second day 
of practice there is a very considerable chance of doing better in 
the second half of a forty-minute period. This is undoubtedly 
due to the fact that the improvement is still very rapid on the 
second day. There is still much which can be learned during the 
hour. But after that day practice becomes more a matter of 
routine and the improvement during the sitting is comparatively 
slight. 

The results of practice which are not immediately gathered 
in the form of greater skill at the end of the hour may be looked 
for on the following day. Is it true that longer practice gives 
greater facility on the following day? If so, it should be true 
that the records for the day following a long practice show a 
greater improvement over the records of the preceding days than 
is shown after a short day’s practice. Here the results are 
ambiguous and various modes of presentation have been adopted 
in Table XX in order to present the actual facts with as little 
distortion as possible. 
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TABLE XX 


Comparison of the returns from, a short day’s worJc (4 trials) with the returns 
from a long day’s worh (8 trials). 



« o 

g« 

o’g 

1 of the 
r to the 
i trials 

i of the 
r to the 
first 4 
ig day. 

a ® . 

ftA ^ 

C*a o 

•S'sl 


a 

e3 d 

‘fS s 

M . 

o 

.5 d^ 

;3 



a|*-g 

o S 2 

© a) © 

!l§ 


1. 

I h 

rS *5 

“ 9 

.d © 

fl.9 g 

o H © cl 

-d « 

^ 'O 

Gain from day to day 

.2 

On:) fi 

.9 ’^*'3 


.9 

0*0 <d .9 

Second day (long) to third day (short) 

3.6% 

5.9% 

9.8% 

S.6% 

Third day (short) to fourth day (long) 

4.4 

4.3 

7.9 

4.3 

Fourth day (long) to fifth day (short) 

0.4 

0.6 

4.5 

0.4 

Fifth day (short) to sixth day (long) 

2.4 

1.7 

5.8 

1.7 

Sixth day (long) to seventh day (short) 

1.5 

2.2 

5.2 

1.5 

Seventh day (short) to eighth day (long) 

—1.2 

—1.7 

2.9 

—1.7 


Note. — ^Table XX includes tlie records of 31 workers, all of whom were 
available for this part of the experiment though the work of some of them was 
not available for other parts of the experiment. 


In the first place we may consider the improvement from day 
to day as measured from the median of one day’s work to the 
median of the next (the first column of Table XX). In that 
case there is no advantage for the longer sittings. In fact, there 
seems to be a somewhat greater gain on the day following a short 
practice sitting. But this method of measurement involves an 
obvious error. The gain from a short day to a long day may be 
greater simply because of the gains made during the course of 
the long day, whereas the gain from a long to a short day may 
seem too small because there is not so good a chance to make a 
good record on the short day. 

In order to avoid this diflSiculty a second mode of measure- 
ment has been pursued. This proceeds to consider only the first 
four trials of any day and in case there were more simply ignores 
them. We then have the improvement from day to day, but 
there is the additional factor that on certain days there were 


fc 

in 

di 

ai 

SI 

a1 

ti 

ID 

tl 

ir 

is 

P: 

n: 

a 

f( 

d 

T 

t] 

si 

ii 

P 

n 



1914] 


Brown: Habit Interference in Sorting Cards 


321 


four rounds of practice which were extra. The second column 
in the table shows that the improvement was greater after the 
days when there was extra practice. The extra practice also gives 
an advantage with regard to the possibility of making a single, 
sporadic record on the day following. These particularly good 
attempts reach a higher level on the days after a long day’s prac- 
tice than on the days after a short day’s practice (third column 
in Table XX) . 

Finally, the last column of Table XX gives the answer to 
the question : Does the extra practice of the longer sitting result 
in an improvement on the following day beyond the gain which 
is made during the latter part of the day on which the prolonged 
practice occurs? In order to measure this we measure from the 
median of each day (whether long or short is not considered) to 
a definite point in the following day’s work, namely, the end of 
four rounds. We measure so from the whole performance of one 
day to a fixed point (which is always reached) the following day. 
This method shows that the advantage of the extra practice in 
the longer sittings is used up during the course of the longer 
sitting itself and that the foUowdng day does not show a further 
improvement. The final conclusion seems to be that the extra 
practice of a. longer sitting gives immediate results, but does 
not make an unusual gain possible on the following day. 


Transmitted November 18, 1913. 
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DIUWAL VABIATIONS IE MEMORY 
AND ASSOCIATION 


BY 

AETHUR I. GATES 

I. The Problem and the General Method op Procedure 

A year ago, the writer attempted to summarize the more im- 
portant results obtained by earlier investigators on the problem of 
diurnal variations in efficiency, adding certain experimental find- 
ings of his own obtained by tests upon school children. A more 
extended discussion of the problem, its significance, and diffi- 
culties will be found in that article.^ 

The present investigation differs from the earlier one in several 
respects. In the present work adults served as subjects in the 
tests, which were extended over a greater portion of the day than 
previously. In the first investigation, moreover, tests for a variety 
of mental and motor functions were employed, while in the 
present work the tests are all included in the general field of 
memory and association. 

One hundred and sixty-five college students, members of a class 
in elementary psychology, served as subjects for the experiments. 
Three full days were required to complete the experiments. The 
temperature on the particular days chosen varied from 56 to 66 
degrees Fahrenheit. The tests were given to groups, each includ- 

1 Variation in Efficiency during the Day, together with Sex Differences, 
Practice Effects, and Correlations, Unw. Calif, PM, Psychol., vol. 2 (1916), 
no. 1. 
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ing from six to fcmrtoon stiuit*ntH at i‘m»h hour t>f th«» clny, oxeopt 
from noon to 1 :00 oVt<H*k, tho first hrgittniitig ait H'.fH) \.%t, and 
the bust at 5:00 r.M, Tht* subjerts vvt*ro soatotl ait ai Unig tnhUs at 
one end of vvhieh stoiul the experimenter. The tests wert* given 
in the order in whieh the results an* jiresented in this nrtitde. The 
time recpiired fi»r nil the te.sts of any single sitting was aibout 
half ?in hour. 

For the purpose of gaiintng fuller inforiruition with regartl tt> 
his habits of life atml t‘speetHlly of vnriaitiotis from the noniuil 
routine of the day» the folhoving questionnire wais filled out by 
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1 , Name. 

2 . year. 

;i. Dill you ill* any eMj»ei’i»lly har»l w«»rU tiHluyf WJmt? 

4 . Dill ymi Un itny harU wnrk Ou,h h»»urf What! 

r>. Whait tinu* ilt» ymi uMually te 

0 . Whnt time *le yioi teotnlly xivf 
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thi >4 merniiv^ ititfer from the fiveriij?ef Jti»w muehf 

5. Dm ymt unually eat n hea^ > or a It^ht lir*utuDnt ? 

0. Dm yint imimlly eut n U$m\ y t»r a H^»ht IiumOi! 

Ml, Any exee|»tiMn ttelav i^ifh rei*ifcr*l t»» ine.ihf 

U. Whitt Imurs <lii y«Ht think are yuttr bent fer t%»»rk Mr .uttnlyf 

iL*. What are ymir reaHun-i t'er Delievin^* im? 

The iumwers to quest hui 7 sh*»wed that the mnjorUy of ihest* 
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M(*ven oVIoek is the favorite hour of rining, although about 
one-fourth arise at 0:MD and another fourth at 7 ; ’ID 

The matters of ehief imp«*ria{iee hi |•|lnlle*’tlo^} are the 
de|mrttu*es from the normal habits of life on lh»» part of the sub- 
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jects. Answers to 2, 3, 7, and 10 gave the information with regard 
to such departures. In most eases where the subject had gone to 
bed much later than usual, had got up much later than usual, or 
missed a meal, or had some especially hard work just before the 
test, the data from him were not included. 

Following are the chief factors, in addition to those just 
enumerated, which seemed to give just reason for discarding a 
subject’s work: (1) Copying from others or using unfair methods 
of any sort, although such eases were very rare; (2) lack of 
interest, or inattention; (3) physical defects, such as conspicuous 
defects of sight or hearing, or sickness, bruised fingers, and the 
like, when of such a nature as to interfere with maximal perform- 
ance; (4) failure to understand directions, etc., after the test had 
been started. 

On the whole, however, nearly all of the subjects conformed 
to all the rules of the tests and the results were considered trust- 
worthy and to be the products of their very best efforts. Many 
minor differences among the individuals existed with regard to the 
character of the day ’s activity. Some had many and some had few 
coUege exercises before the test; some had done more and some 
less studying than usual. The possibilities of such differences 
were, of course, greater for those coming in the latter part of the 
day; but except for reasons mentioned above, the data from all 
subjects were retained. Perfect conditions would consist in an 
identical programme for the day for all the subjects, one in which 
very little or no fatiguing work was done; but such conditions 
could not be obtained. 

The following table shows the distribution of individuals 
according to their preferred hours for study and work : 


A.M. NOON 


Hour 4:00 

No. of inds. 2 

5:00 

17 

6:00 

36 

7:00 

42 

8:00 

109 

P.M. 

9:00 

137 

10:00 

87 

ll:0d 

38 

'l2:0d 

5 

Hour 'l:00 

No. of inds. 2 

2:00 

2 

3:00 

2 

4:00 

11 

5:00 

12 

6:00 

5 

7:00 

17 

8:00 

29 

9:00 

22 

10:00 

20 

11:00 

6 

12:00 

0 

No preference. 

9 
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The nitirning: htuirs are jmTerr^Hl by m<»Ht iiuHviduuls, with the 
evening luuirs next in enter. Nine a.m. is the mtkst popular hour, 
although 8 a.m. in pn^ftTn^l by nearly hh many peratuus. Ten a.m. 
fellows next in <n*<ler of preforenee mul tJ niul 7 a.m. rank hififher 
tlinn the best nfternooii or evening: hours. Ki^ht i*.Nt. is the 
preferred evening hour anti 4 and 5 e.M. are the preferred after- 
ntH)!i hours. 

The nnisons given by the suhjeets for l>elieving that their pre- 
ferred lumrs art* neatly their best hours are very iimeh alike. In 
nlrui^st every instnnee the reasiuis nintuini merely to an cipiuion 
luised on thf‘ir stihjeelive feelings. An etTt»rt will be made 
in this \v<irk to distsiver ht»w e!«mely tbt^ eiirve of distribution of 
{ireferreil hiutrs follows the t‘urve of real ertleient*y as shown by 
the exfieritiientnl tuulings. l*'or the morning hours the reports are 
of this sort: *‘l tVel more energetie;’* I am in betttu* eondition, 
physienlly ami mentally;" “My mind is elearer;" and the like. 
Those who prt'fer the afternoon h«»urH report , “I have g<it into 
tlu' swing better;" "I am more wideawake;" and hh on. The 
statements with regard tti the eveinng hours are mueh the Hume. 
althiuigh tbost* preferring the lati* evening and the very early 
m«>rning hours attribute their greater eOlei«’nev tt» the existenec 
of fewer distraetions at those times Many admit that they .seem 
to have gnsUer sueeens at a pnrtieular time largely beeuuse, on 
fietmnni of the fons* of eiretimstatMs*s or by arbitrary ebtuee, it 
had bfssime habitual for them to d«» tlieir hardest work at ihoso 
Inatrs. 


II. TksTS ts Af lUToliY Mumuhv 
F or n t»‘Ht in atidit»»ry meinury the ftilluwuig series of <ligitH 
were used; 

257 l«;:iHir»7, ^:?:ilh I72t;:il , b2sth i:i:.T2M:t 

Detailed instnielnaiH u$th regard t** th*- method of eondueting 
the testwS were giveli. The digits, t^’'gninuig With tin* shorti'St 
series. Were read sharply and without rhythm at the rate of one 
eaeh three fourths of a s**ei»nf|, the rale hnug fUed hy a silent 
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pendulum invisible to the subjects. The tests in auditory memory 
was given first of all to the groups on the first two days of the 
experiment, and second (follovdng the visual series) on the last 
day. 

The results are given in terms of the average (mean) spans 
with the mean variation, and of the median spans of the indi- 
viduals in the different groups. By the ‘^span” is meant the 
longest series reproduced correctly in toto. But in case a series 

TABLE I. AUDITORY MEMORY 

The Absolute and Relative Mean and Median of Digits Reproduced 
AT Different Hours 




A.M. 

K 




P.M. 



Hour 

'8:00 

9:00 

10:00 

11:00' 

'l:00 

2:00 

3:00 

4:00 

5:0(i 

No. of 
subjects 

23 

23 

28 

28 

25 

25 

25 

30 

25 

Av. No. 
digits.. 

7.81 

7.61 

7.72 

8.08 

7.60 

7.38 

7.67 

7.46 

7.33 

Mean 

variation 

1.20 

1.10 

1.15 

1.05 

1.40 

1.07 

0.92 

1.00 

1.10 


IMgSiII. 

per cent.... 100.0 97.5 98.8 103.3 97.4 94.5 98.2 95.5 93.8 

Median 7.00 7.20 7.20 7.50 7.40 7.30 7.40 7.10 7.08 

Median, 

per cent.... 100.0 103.0 103.0 107.0 105.8 103.9 105.8 101.4 101.0 

Hour 8: 

Mean.... 



Median 

Fig. 1. — ^Auditory nieniory.2 The diurnal course of memory for 
auditory digits 

2 The diagrams are based on the percentage columns in the corespond- 
ing tables. 
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was correctly reproduced entire, following two or more incorrect 
series, the correct series preeedmg the failures was taken as the 
span. Thus, if an individual reproduced a series of six digits, 
failed at seven and eight, succeeded at nine and failed thereafter, 
the series of six digits was considered the span. The results are 
given in Table I. 

The mean and the median both show a marked and steady 
increase in efficiency during the forenoon, with the exception that 
the mean for 8 o’clock is high compared to that for 9 or 10 
o’clock. The median for this hour, however, is lower than for 
any other forenoon hour. The maximum efficiency for the day, 
according to both methods of computation, is at 11 o’clock. 
Efficiency at 1 o’clock is lower than at 11 o’clock and at 2 o’clock 
it is still lower, whence it moves upward to the afternoon maxi- 
mum at 3 o’clock. According to the median, however, 3 p.m. is 
equal in efficiency to 1 p.m. ; and although the mean at 1 p.m. is 
less than at 3, it is greater than at 2 o’clock. It will be noticed, 
however, that the mean variation is greater at 1 o’clock than at 
any other hour of the day, indicating the small reliability of this 
measure. In general, there is a steady and pronounced increase 
in efficiency during the forenoon, a fall following the lunch hour, 
an increase at 3 p.m., and a final drop at the end of the day. 


III. Tests in Visual Memory 

The following series of digits were used as tests of visual 
memory: 6283, 57294, 241738, 2170463, 27986543, 215903847, 
5978024318, 57402623871, 183570467392. The displays were 
made up of black gummed digits two and three-fourths inches in 
height, pasted on white cards two and a half by three and a half 
inches in size, which were pasted in series on a strip of gray cloth. 

The strips were exposed in order of length, beginning with the 
series of four digits. The folded strip was held before the sub- 
jects, the word ‘‘ready” was given and the strip was drawn taut 
with a snap, exposing the series. The subjects wrote the digits 
as soon as the strip was taken from sight. The time of exposure 
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varied with the length of the series, being determined by multi- 
plying the number of digits in each series by three-fourths of 
a second. 

The method of treating the data and computing the results 
was the same as that employed in the tests of auditory memory. 
The results are stated in the absolute and relative number of 
digits reproduced, determined by the arithmetical mean and 
median. 


TABLE n. VISUAL MEMOEY 

The Absolute and Eelative Mean and Median op Digits Reproduced 
AT Different Hours 


A.M. P.M. 












Hour 

No. of 

. 8:00 

9:00 

10:00 

11:00 

1:00 

2:00 

3:00 

4:00 

5:00 

subjects 

Av. No. 

23 

24 

28 

24 

24 

25 

26 

26 

25 

digits 

Mean 

8.00 

7.95 

8.14 

8.14 

7.84 

8.08 

8.15 

8.17 

8.00 

variation 

Mean, 

1.25 

1.13 

1.06 

1.19 

1.20 

1.30 

1.08 

1.16 

1.20 

per cent 

100.0 

99.3 

101.5 

101.5 

98.0 

100.1 

101.7 

102.0 

100.0 

Median — 
Median, 

7.50 

7.50 

7.70 

7.60 

7.25 

7.50 

7.80 

7.60 

7.50 

per cent 

100.0 

100,0 

A.M. 

A 

103.0 

101.5 

96.7 

100.0 

104.0 

P.M. 

101.5 

100.0 

Hour 8:00 

Mean 

9:00 

^ 10:00 ll:0d 1:00 

2:00 

3:00 

4:00 

5:o6 



Fig. 2. — The diurnal course of visual memory 


In many respects the course of efficiency in memory for visual 
digits is the same as for auditory digits. The general increase 
in efficiency during the forenoon is evident, although the same 
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oxeoption is fovnid with regard to the 8 oVloek hour—i.e., 
superiority of that hour over 1) o’eloek^ as shown hy the mean bv 
not by tlu^ median. In the ease of visual memory. howt‘ve 
11 A.M, is barely e(iual to 10 a.m. aeeording to the mean, aiid 
slightly inferior a(*eording to the me<lian. In the aftermnuu froi 
the fall at 1 km. there is a steatly inereuse in ettieieney unt 
3 KM., as shown by tlu* median; and tlie mean indieHte.s tliat th 
inerease persists until 4 e.M. Both nususurt's sluuv a <leerease i 
efileituiey following 4 o V*loek. On the wht4t% tht»re is a high di‘gr< 
of eorrespondtuiee between the curves for the two ft»rms < 
memory for digits. 


IV, HimsTiTtn'ioN Tkst 

For a t<*st in the rapitlity of learning, a form of eotle w 
us«‘d.*** This t(‘.st gives a fair m«»asun* of tin* rapidity with whi« 
associations are forimsl by rept*titi<»n. The nssorintitms <»onsist 
the formatbm of connect itins between a series of nine symb« 
ami nine digits, ami anM*stablish<sl gratluuUy as the test procets 

The mat<‘rial cimsisted of prinietl cnrdbonnl *'key'* forn 
three hy seven ineht‘s, cotttaining tiine circles, irt each tif whi 
was (‘indosed- th<‘ symbol ami thi» eiirrespomling tligit; and al 
of t<*st sln*ets eight ami a half by eleven inebes in si/e, on en 
of which wen* printed two ecdurnns of twenty live r«»ws tif ti 
symbols eaeh. with blank spaces to eorrespond. Altogi^ther. ea 
sheet eontaine<l 250 symbols and 2r>t» blank spnees. 

Tin* test sh<*e(s ami the keys wen* passed l<* the subjeets, \ 
keys fata* do\vnwar<l ami the test sheets fat*e upward in proj 
positicm. The mettiod of eomtueting the test was then explnit 
in detail. Six minut«*s were allowed for the work. 

Tin* test sheets were checked up for ♦*rrors ami, exelmti 
them, the t<»tai number of <iigits written was eompitled. 1 
results are given in Table III. 

Agaiii an increase in enieieney during the forermon is fou 
although 11 oVIoek is slightly inferior to Id o'clock. The aft 

3 Per a diw'ussion of this tOMt, hoc Whl|*|4e, ii. M., uf Vhjt^ 

and Mt^nUil TaHtn (1010), pp. 350 It. 
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noon maximum stretches from 2 to 4 o’clock, the figures for these 
hours being nearly the same. The hours of lowest efficiency for 
the day are 1 p.m. and 5 p.m., the latter being slightly below the 
former. The curve, in a general way, is very closely akin to those 
found for the previous functions. 


TABLE ni. SUBSTITUTION TEST 
The Absolute and Relative Mean and Median fob Dipfeeent Houbs 




A.M. 




P.M. 



Hour 

"8:25 

9:25 

10:25 

11:25' 

1:25 

2:25 

3:25 

4:25 

5:25 

No. of 
subjects — 

18 

23 

25 

23 

19 

23 

27 

24 

21 

Av. No. 
digits 

174.0 

179.0 

183.4 

181.8 

167.0 

179.0 

177.0 

176.6 

164.0 

Mean 

variation 

33 

30 

31 

27 

30 

31 

33 

34 

31 

Mean, 
per cent — 
Median — 

100.0 

174.0 

102.7 

176.0 

105.2 

181.0 

104.3 

180.0 

96.0 

166.0 

102.6 

169.0 

101.5 

170.0 

101.2 

170.0 

94.3 

165.5 

Median, 
per cent — 

100.0 

101.2 

104.0 

103.4 

95.5 

97.2 

97.7 

97.7 

95.3 



AM . 





p.m:. 



Hour 8:25 

Mean.... 

9:25 

10:25 11:25 

1:25 

2:25 

3:25 

4:25 

5:25 


Median 

Fig. 3.— The diurnal course of efficiency in the substitution test 

V. Tests in Eecognition 

The material consisted of a sheet of twenty-five geometrical 
figures for a learning series and a larger sheet eontmnmg e 
original twenty-five figures mixed indiscriminately mth twenty- 
five new figures for a test series. The subjects marked ofl on the 
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test sheet the recognized figurt's. No <)ne .siK'oeeded in reeogiiiziag 
all of the figures, and very few eoniph'ted the tests without 
erroneous recognitions. 

The method of conducting the test wjus explnined in tletnil and 
both sheets were passed out face <h)wnward. One tainute wiw 
allowed for the stinly period anti twt) minutes for tlie recognition 
work. 

TABLK tv. ItBCOONtTION TF.BT 

Tub ABSOMITK and RKt.ATtVK MK.IN .\N» MKISAN or FJOOUKS fOBKKCTl.V 

UmKtNtzr.D 




A.M. 




t%M. 

...A.. 



Hour 

'8:30 

0:30 

10::UJ 

11:30 

V.30 

2:30 

3::t0 

4::W 

r>:30' 

No. of 


21 

24 

20 

28 

24 

25 

27 

20 

22 

Av. No. 


13.1 

14,5 

15.1 

I4.:i 

13.0 

14.0 

15.3 


16.3 

Moan 

variation 

0 n 

2.8 

«> 7 

2.0 

2.1 

2,:t 

M 

3.1 

3,3 

Moan, 

por cent.... 

100.0 

m.5 

115.0 

100,0 

104.0 

107.0 

1MI.8 

124.5 

124.5 

Motlinn 

11.7 

15.0 

15,0 

14.5 


11.2 

15.2 

10.1 

16.0 

Modian, 

por cont.... 

l(K).t) 

1 28.0 

A.M. 

128,0 

124.0 

107.0 

121.0 

130.0 

V.M. 

-A- 

m7.it 


Hour H:3U 

U;3() 

10:: 

W It 

::iO l;:i0 

2:30 

3:30 

4:30 

5:30 


Mchii... 



Mciliitn 



Rig. 4. — The (liurnni course of ettkiewey for recognition of flguriw 
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The data were scored by counting the number of figures cor- 
rectly cancelled and the number incorrectly cancelled. Twenty- 
five would be a perfect score. The results have been computed, 
first, on the basis of the number of figures correctly cancelled; 
second, on the basis of a penalized score in which, from the num- 
ber correctly recognized, one credit is deducted for each erroneous 
recognition; and finally, tabulations have been made of the 
number of errors occurring at each hour. 

Table IV gives the results according to the first method of 
computation. 

The main features of the curves for efficiency in the recog- 
nition of figures are the same as those found for the functions 
previously considered. The differences from hour to hour, especi- 
ally those chosen by the median, are exceedingly great, the relative 
differences being here many times greater than those found in the 
memory tests. Both mean and median agree in showing a large 
and steady increase during the forenoon, which has ceased, how- 
ever, by 11 : 30 A.M. Compared to the efficiency of the morning 
hours, a decided drop is evident at 1 : 30 p.m., which is followed 
by a steady increase until 4 : 30 p.m. ; 5 : 30 p.m., although lower 
on the curve than 4 : 30 p.m., is still very high, but it will be noted 
that the mean variations for the last hours are very high. On the 
whole, there is a high correspondence between the general form 
of the curves for this function and those previously considered. 

Table V gives the results when, from the scores just con- 
sidered, one credit was deducted for each erroneous recognition. 
It is very probable that this arbitrary method may give a good 
index of the real efficiency of many individuals. Some subjects 
work cautiously, making but few erroneous judgments. Others 
are less careful, marking out almost any figure which seems at aJl 
familiar; and, by increasing the number of cancellations, mark 
out a greater number of the proper figures, in many cases by 
mere chance, since the numbers of right and wrong figures were 
equal. The arbitrary penalty has for its basis the fact of equal 
distribution of right and wrong figures, and one credit is there- 
fore deducted for each error. 
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TABLE V 

The Absolute and Helative Mean and Mkijian or FtutmEs RKccHiNizED 
(Penalized Bct>RK) 




A.M. 




e.M. 

..A.. 



Hour 

8:30 

0:30 

U):30 

11:30^ 

‘ 1;30 

2:30 

3:30 

•l;no 


Av. No. 

recognized 

10.8 

12,0 

13,2 

12.5 

11.5 

12.0 

Ut.O 

13.0 

12.8 

Mean 

variation 

2.0 

l.O 

1.$' 

1.8 

1.0 

l.H 

1.8 

2.1 

2.0 

Mean, 

per cent.... 

100.0 

115.7 

122.2 

115.7 

um.5 

m.u 

120.0 

120.0 

118.5 

Median 

n.i 

12.0 

13.0 

12.3 

lU.tl 

ll.O 

13.0 

13.5 

13.0 

Median, 

per cent.... 

lOO.O 

108.0 

A.M. 

U7.U 

nu.o 

1H1.4 

00.0 

UT.O 

r.M. 

121.0 

117.0 

Hour 8:30 

‘J::i0 

10:30 

11:30 1 

iTho 

2:30 

3:30 

4:30 5:36 




Fig, 5.-™Th« (iiurimi of rtnnignltion of figun^M. 


The figur(*H, relatively, are not greatly t‘ha«getl by pemilizing 
the subjeeta for errcmeouH ree<iiijn:utioHH. 11 ;:t(l a.m., by virtue of 
fewer errors, nhows a Hlightly higher effleierie>\ while firMO pm., 
on aceouut of more fre<iuent ernirs, shows less relative elllieii’ney 
than before. Th<» menu viiriatioiis of the two last hours at the 
(lay nunain high. The (^bnngeH brought nliout by j»enHlizing tlie 
subjeets for (frrors have resulteil in making the eurvi*H etirresjjoiul 
mor<* (^los(‘ly than formerly to the curves <jf funettouH eonsidered 
(*arli(ir. 
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Table VI shows the amount of errors made at different hours 
of the day, without regard to the total amount of correct recog- 
nitions. The percentage colu m n s show efiScieney and do not show 
the relative number of errors; i.e., the larger this percentage, the 
fewer the errors.^ 


TABLE VI. ERBOBS IN RECOGNITION 

Showing the Mean and Median Errors Made, with the Relative 
Efficiency at Each Hour 




A.M. 

A 




P.M. 



Hour 

Av. No. 

'8:30 

9:30 

10:30 

11:30' 

1:30 

2:30 

3:30 

4:30 

5:30' 

errors 

Mean 

2.31 

2.04 

1.78 

1.93 

2.16 

2.40 

1.90 

3.06 

2.50 

variation 

Relative 

1.13 

1.40 

1.22 

1.76 

1.45 

1.48 

1.27 

1.82 

1.95 

efficiency 

100.0 

112.0 

130.0 

120.0 

107.0 

96.3 

121.5 

75.5 

92.5 

Median — 
Relative 

2.00 

2.00 

1.50 

1.50 

1.80 

2.15 

1.32 

2.30 

2.00 

Median 

100.0 

100.0 

A.M. 



133.0 

133.0 

111.0 

93.0 

151.5 

P.M. 

X 

87.0 

100.0 

Hour &:30 

9:30 10:30 11:30' 1:30 

2:30 

3:30 

4:30 

5:36 



of erroneous recognitions 

4 The figures showing the relative efficiency are obtained by dividing 
the score for eight o'clock by the score for any particular hour. 
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The number of errors made seems to decrease during the fore- 
noon, the fewest being made at 10 : 30 a.m., with 11 : 30 a.m. next 
in order. During the afternoon the smallest number of errors 
are made at 3 : 30 p.m., with a great many in the 2 : 30 p.m. hour. 
Although the results are very irregular and the mean variations 
exceedingly high, there is a slight indication that the hours at 
which the smallest number of errors were made were the hours of 
greatest efSciency otherwise. 

yi. Tests in Logical Memory® 

Tests in logical memory, or memory for ideas, have long been 
used to determine individual differences in mnemonic efiSciency, 
as related to age, sex, training, etc. This test differs from the 
preceding tests of memory in two respects; first, material which 
forms a significant whole is used instead of a series of discon- 
nected impressions ; and second, the reproduction of ideas rather 
than the exact reproduction of sensory forms is required. There- 
fore, this is called a test of logical memory, in contrast to rote 
memory. 

One of the familiar texts devised by Healy was used, begin- 
ning ‘‘If a man finds that his house is on fire, he should look to 
see if it is a large fire, etc. ’ The material is divided into twenty 
parts, each of which is counted one detail, or ‘ ‘ idea. ’ ’ The method 
of conducting the test was carefully explained. The material was 
read slowly, and ample time was allowed in which to write the 
details remembered. One unit of credit was given for the recall 
of each “idea”; thus an accurate reproduction of all the ideas 
would give a score of twenty. The results are given in Table TII. 

The results of this test for logical memory are quite irregular ; 
mean and median do not harmonize as closely as usual. The 
increase in efficiency during the forenoon which has generally 
been found to be the rule, does not appear clearly in this func- 

5 This test was conducted by Miss Ida A. Felt, a graduate student in 
psychology, who used the data for other purposes. 

6 See Healy, W., and Fernald, G. M., Tests for Practical Mental Classi- 
fications, Psych. Monog. (1911), no. 54. 
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TABLE Vn. LOGICAL MEMOBY 
The Absolute Mean and Median op the Kuioee op Ideas Eepboduced 


A.M. P.M. 


Hour.. 

"8:40 

9:40 

10:40 

11:40' 

' 1:40^ 

2:40 

3:40 

4:40 

5:40' 

No. of 
subjects — 

22 

23 

27 

28 

22 

22 

25 

28 

26 

Av. No. 
“ideas” — 

13.20 

14.40 

14.20 

13.60 

12.60 

13.10 

13.40 

13.50 

12.05 

Mean 

variation 

2.2 

1.4 

2.4 

2.6 

2.4 

1.9 

2.1 

1.8 

1.5 

Mean, 
per cent 

100.0 

109.0 

107.7 

103.0 

95.5 

99.3 

101.4 

102.2 

91.3 

Median 

13.5 

14.5 

14.0 

14.2 

13.5 

13.5 

14.0 

13.5 

12.6 

Median, 
per cent — 

100.0 

107.3 

103.7 

105.1 

100.0 

100.0 

103.7 

100.0 

93.3 



A.M. 

JL 





P.M. 



Hour Siio” 

9:40 10:40 11:40' 

1:40 

2:40 

3:40 

4:40 

5:46 




Fig. 7 , — The diurnal course of efficiency for logical memory 


tion. Tlie maximum of the day appears early, at 9 : 40 a.m. The 
mean indicates a superiority of 10 : 40 over 11 : 40 a.m., but the 
median shows the latter hour to be superior. It will be noted 
that the mean variations for these hours are very large. More 
uniform and more characteristic results appear in the afternoon 
curves. The mean shows an increase from a very low efficiency 
at 1 : 40 P.M. to an afternoon maximum at 4 : 40. The latter hour 
is, however, but very slightly superior to 3 : 40 p.m. The median 
indicates a maximum for the afternoon at 3 : 40 o’clock. The final 
decrease in efficiency at 5:40 is clear in both cases. The curves 
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for tho afternoon htnira, theiu eonf<»nu fairly eloaely to the eiirves 
r<»tuul in the eaat* of nuxst <»th<»r funetions previoiwly eonsidered, 
hut with rejj^ard to the forenoon lumi’H the results are not 
harmonious. 


Vir, StTMMAHY OK HKStrUTS 

The HeeompunyiuK tahU* and figures show the eurves for the 
various funetions that have been eonsiilertHh groupinl fttr pur- 
ptises tif eompnrison. The itu‘an and mtuliau oi eaeh funetiou are 
given as pt»ret»ntnges, and a final average for the nu*an and mtHlian 
figures of all funetions is given. 


TAiu*K IX, xhhrvscriom 

TfiK Mean xau MKaus*, vm c*knt, r<ia tiik VARunts FnstT£<»Ns 


A.M. 




— 

A,... 



Hour*.... 

S:00 

0:00 

t0;U0 

11:00 

A Uititory mrmori/. 




Mean 

lOO.O 

07.ri 

5>H.H 

103.3 

Meilian .... 

UKMI 

loa.o 

103.0 

107.0 

Vimal mrmortf. 




Mmn 

itni.o 

oo.a 


101.5 

Metiian .... 

lOO.O 

100.0 


IUI.5 

SubHtitution, 





Milan 

lUO.O 

102.7 

nm.2 

104.3 

Mmiian .... 

100,0 

101.2 

HH.tl 

103.4 

Hrroffnitum. 

( Pvnal hfd nr art* ) 


Mt'un 

100.0 

1 15.7 

122,2 

115.7 

Median .... 

100.0 

lOH.O 

U7.0 

112.0 

!M{tuuti Ttu nwry. 




Mean 

100.0 

IlKI.O 

107.7 

103.0 

MetUan .... 

100.0 

107.3 

103.7 

105.1 

Avernget 

100.0 

104.3 

100.0 

105.0 




e.M. 





1:00 

2;00 

3:0t£ 

4:00 

*5^ 

07.4 

04.5 

0H.2 

05,5 

03.H 

105.H 

loa.o 

105,H 

101,4 

lOl.O 

im.o 

100.1 

UU.7 

U)2.0 

lOO.O 

00.7 

100.0 

104.0 

101,5 

lOO.O 

00.0 

102.0 

101.5 

101.2 

04.3 

05.5 

07.2 

07.7 

07,7 

05.3 

100.5 

lll.O 

120.0 

120.0 

118.5 

00.4 

00.0 

117.0 

121,0 

117.0 

05.5 

00.3 

101.4 

102.2 

01.3 

lOO.O 

100.0 

ioa.7 

lOO.O 

03.3 






0H.7 

100.0 

105.1 

104.2 

1(M).4 


* The hour« at wltieh the iterleH of tmtu woro bea«n i« slv«^n he^l^ The 
aetuai tlma at whkh each test was given can he tihtitinefi from Tahleu I to 
VI H nhovo. 

t Avoritge of moans an<I mmUarm of all fum^tlons. 


The existence of many irregularities and fhuduiitions in the 
various inirves is at onee evident. Yet when one oviTlooks 
minor diffttrenees, it ean be seen with ecpml elearm*ss that there 
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a.m:. P.M. 

Hour 8:00 9:00 10:00 11:00 1:00 2:00 3:00 iioO ^ 

Auditory memory. 

Mean 


Median 



Visual memory. 
Mean 


Median 



Suhstitutionl 


Mean 




Median 





Pig. 8. — ^AH functions. Curves based on Table IX, showing the 
course of efficiency for all functions 
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is througlioiit a great similarity in the general form of the curves. 
The average curve shows the characteristic trend of all those of 
which it is made up. Beginning at 8 a.m. the curve moves 
steadily upward until it reaches a maximum between 10 and 11 
o’clock. In the average curve, 10 o’clock surpasses 11 o’clock 
slightly; a fact which is shown by some of the individual curves, 
while others show the opposite. Compared to the later afternoon 
hours, 1 P.M., in the average figure, is very low; in fact, it is the 
time of minimum efiieiency of the day. All of the individual 
curves agree in showing 1 o ’clock to be a poor hour. From the 

1 o’clock minimum, the average curve moves upward to an after- 
noon maximum at 3 o ’clock and then tends downward again until 
the last hour of the day, which shows an efficiency about equal 
of that of the first morning hour. There are many departures 
from the central tendency; some curves, for example, show an 
afternoon maximum at 3 o’clock, others at 4, and in some cases 

2 P.M. stands very high ; but all show more or less definitely the 
characteristic wave of efficiency. 

In an earlier section (p. 325), a table was made showing the 
distribution of the individuals taking part in the experiment 
according to their preferred hours for study. A part of the 
table is reproduced here. 


A.M. 

Hour eioo 7^00 8:00 9:00 10:00 11:00' 

Inds 36 42 109 137 87 38 

P.M. 

/ * . 

Hour 1:00 2:00 3:00 4:00 5:00 6:00 

Inds.,^. 5 2 2 11 12 5 


In the light of the results we have just obtained, it appears 
that the subjects’ estimates of their best hours are very often 
incorrect. Too few chose the best hours, 10 or 11 a.m. ; too many 
chose too early an hour; and very few appreciate the efficiency 
of the afternoon hours, noticeably 3 o’clock. The conclusion is 
that one’s subjective feelings with regard to the time of greatest 
efficiency are not reliable indications of real efficiency. The 
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organism may be able to produce the greatest amount and the 
best quality of work at a time when feelings of fatigue and 
kindred factors h^ad us to believe that our efficiency is low. 


Vlir. OoMrAinsoN wiTrr RESurn’S Obtained by Other 
Investigators 

The literature of the subject of diurnal variations in efficiency 
can be found in summarized form in two monographs.'^ But 
briefest mention can be nuuU' luu-e of a (o\r of the more extensive 
pieces of work. 

Mai’sh, in tests of arithmetical ability, imuuory, attention, and 
perception, foxind that, as a rule., the mid-day periods (12:00- 
2:00 p.M.) were superior to the arternoon periods (4:00-7:00 
which were mqu'rior to the morning periods (7:00-9:00 
A.M.). Winch^ found memory hett(‘r in the late forenoon (9 :45- 
10:05 A.M.) than in the afternoon (4:00-4:20 p.ivf.) ; and better 
in the afternoon than in tlic early morning. Robinson,® in 
arithmeti<‘.al work, found n rise in effuocnuy during the forenoon, 
culminating at 10:20 \.m., with a notieeahh^ drop at 12:30 p.m:., 
iind a subH(*(iuent ris(^ until 2:00 p.m. Ilollingworth,^® in tests 
for various functions, found a low eflicieney at the beginning of 
work, then a gradual iner(‘nse followed by a period of low effici- 
cmey. Hollingwortirs results and his interpretation of them are 
not in ace<u*d with the present lindings. The presemt writer, in 
Ills earlier study,** ohtairu*d results from tvsts on school children 
whi<*.h agr(‘e in most respects with the present findings. 

7 MarHh, II. I)., Tlio Diurnul CourHo of EIRciency, Colum, Univ. Contr, 
vol. 14 (1906), no. S. OatoH, A. I., V'nriation in Efficiency during 
the Day, otc., Univ, (Utlif, Piihl, Pni/ehol., vol, 2 (11M6), no. 1. 

« Winch, W. n., Mental Fatigue in T)ay-Bchool Children as Measured by 
Tmmediate M<uuory, Journ, l*Ul, Pttyeh,, Vol. It (1012), pp. 18“29, 75-82; 
3VCcntal Adaptation during the School Day, Journ, Ed, Psyeh,^ vol. 4 (101 It), 
X>I). 17-28, 71 84. 

UobiiiHon, r.». A,, Mental Fatigue and Bchool Efficiency, Puhl. Winthrop 
ISform, and fndun. (-oil, N, (\, voL .5 (UH2), no. 5, 

■io llollingHWorth, ll, h,, V^iriations in Efficiency during tlie Working 
Day, PHifvh, Hrv., vol. 21 (1014), pp. 4711 -402. 

Loc, vit. 
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The curve of efficiency found by Robinson, characterized by 
an -increase during the forenoon, a fall following the lunch hour 
and a subsequent increase in the afternoon, is borne out by the 
present iSndings, as are also the results of ]\Iarsh, showing the 
superiority of the mid-day period over afternoon and morning 
periods, and Winch’s results, showing a relatively great efficiency 
in the late forenoon. The present piece of work has produced no 
evidence in support of HoUingworth’s results.^- However, when 
heed is given to numerous factors, such as climate, habits of life, 
the character of tests employed, the methods of testing, and so on, 
which may differ with the different investigations, it is not sur- 
prising that they should lack entire harmony. On the contrary, 
the degree of uniformity which does exist is surprising. 


IX. Conclusions 

The facts that have been brought forth by this study indicate 
the existence of a diurnal course of efficiency in an important type 
of mental activity. From the early morning the efficiency of the 
organism begins to increase, culminating in a maximum in the 
late forenoon, followed by a decline immediately after the noon 
meal, with a subsequent rise luitil the middle of the afternoon, 
or a little later, and a final drop in the late afternoon. 

Such is the broad rhythm found with fair regularity for 
groups of individuals. But it must be admitted that within this 
general trend exist numerous variations among the individuals. 
Differences in daily habits of life, in the physical and mental 
make-up, and in external conditions account, in a large measure, 
for such variations. Each individual, to profit most thoroughly 
from the knowledge of the nature of his daily rhythm of efficiency, 
should determine it by experimental methods for himself. 

The demonstration of such a diurnal rhythm carries with it 
the suggestion that psychological and physiological investigators 

12 Hollingwortli results have been discussed in the writer ^s earlier 
paper. 
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should take into consideration more carefully than heretofore the 
fact of periodicity in individuals. The results of experiments 
conducted at different hours of the day are in danger of being 
disturbed by large errors due to diurnal fluctuations. One who 
reads the literature of years of investigation for the purpose of 
measuring mental fatigue can readily see the possibility that 
diurnal variations in efficiency have probably been a prominent 
cause of conflict in the findings. 

Yet the application of the fact of diurnal rhythms to the 
problem of fatigue is difficult. This is due to the fact that the 
curve of efficiency, as we have found it, is influenced by the effects 
of fatigue, incitement, adaptation, and other factors. The sub- 
jects working at 10 a.m. in our experiments were doubtless labor- 
ing under greater fatigue than those who worked at 8 a.m., yet 
in spite of greater fatigue their efficiency was higher. If they 
had been equally fresh, their efficiency might have been consider- 
ably higher still. Just what part fatigue, feelings of fatigue, 
lack of interest, adaptation and such factors play, it is impossible 
to say. 

The fact is significant that the hours of greatest efficiency are 
those at which fatigue, it would seem, should be very great. We 
have found in the present study, moreover, that most persons, 
basing their judgments largely on their subjective feelings, did 
not select as their best hours for study those which actually stood 
highest in efficiency according to the tests. Thorndike,^® in sum- 
marizing the investigations bearing on this point, concludes : ‘ ‘ The 
feelings of fatigue, from what we know of them, thus seem to be 
a very poor symptom of the loss of ability.” An opportunity is 
afforded us to profit by such information. The feelings of weari- 
ness which become more insistent as we indulge them might be 
made more and more to disappear, provided the organism is in 
healthy condition, if we work on in spite of them. A man must 
be trained to meet situations where he must put forth more than 
the customary amount of effort. He should, by practice in the 
voluntary disregard of mere feelings of fatigue, learn the limits 

13 Thorndike, E. L., Educational Psychology, vol. 3, part 1, p. 107. 
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of his ability and by so doing attain greater assurance, and, by 
virtue of this, greater efficiency. 

The drop in efficiency following the mid-day meal has been 
the most consistent aspect of the curve that has been found. No 
exception to this rule occurs in the case of any function, and the 
average results show that the minimum efficiency of the day 
occurs at this hour. Since the returns for labor at this time are 
relatively so small, it would seem that an hour or two, following 
the noon meal, could be wisely spent for rest or recreation. 
Plenus venter non studet lib enter is a maxim to which the student 
should give more heed. Such was Offner’s firm conviction when 
he wrote ^^It is, accordingly, one of the most justifiable de- 
mands of school hygiene that the afternoon session . . . should 
begin, at the very least, two hours after the noon meal, i.e., at 
3 o’clock and not at 2 o’clock.” Such an implication is not 
altogether clear, however, because the exact causes of diminished 
efficiency at this time cannot be accurately determined. The 
physiological effects of the mid-day meal are, perhaps, not the 
only influences at work. It may well be that relaxation or mere 
cessation of work causes the state of adaptation, attained during 
the forenoon exercise, to subside; and high efficiency can again 
be attained only by means of another process of ‘‘warming up.” 
If such is the case, the exact time at which work is renewed would 
not be so important a consideration. It was found, moreover, in 
the earlier investigation,^® that efficiency in functions of the motor 
type was quite high soon after lunch. Such school subjects as 
drawing, painting, modeling, writing, manual arts and the like 
might be profitably pursued during the early afternoon hours. 

14 Offner, M., Mental Fatigue, translated by Whipple (1911), pp. 88-89, 

15 Variations in Efficiency, etc., Univ, Calif, Fvibl, Psychol., vol. 2 (1916). 
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CORRELATIONS AND SEX DIFFERENCES 
IN MEMORY AND SUBSTITUTION 


BY 

AETHUE I. GATES 


One hundred and ninety-seven students, members of a class 
in elementary psychology, were tested during the academic year 
1914-15 for memory of visual and auditory digits, memory of 
verbal sense material, recognition of geometrical figures, and 
learning in a substitution (code) test. The results of the experi- 
ment were first used for other purposes. This paper presents 
the correlations of these tests, together with the distribution of 
the individuals and sex differences in the several functions. 

The material and method of procedure have been described 
elsewhere^ and will be given here only in brief. Three full days 
were required to complete the experiments. The tests were given 
to groups, each including from six to fourteen subjects, at each 
hour of the day, the first beginning at 8 a.m. and the last at 
5 P.M., with exception of the hour from noon to 1 p.m. The time 
required for all the tests at any single sitting was about half an 
hour. The tests were given in the following order : 

1. Auditory digits. Eight series, of from four to twelve digits 
each, were read successively at the rate of one each three-fourths 
of a second, beginning at the shortest series. Computations are 
based on the ''span” of each individual. 

2. Visual digits. Bight similar series were prepared on strips 
of cloth, each series being exposed as a whole, the time of ex- 

1 Diurnal Variations in Memory and Association, Univ. Calif. Pudl. 
FsycJioty vol. 1 (1916), pp. 323-344. 
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posiire being determined by multiplying tin* mmiber <if <ligit« 
in the series by three-fourths of a setsoinl. The eoinputat ions are 
based on the "span." 

3. Substitution (codo) tost. A mmlifh'ation of Dearborn’s 
code test containing 250 symbols was usetl. Six jninutes were 
allowed for the test. Computations are basini on the mtinber of 
symbols correctly transliterabHl. 

4. Recognition of forms. Twenty-live geontetrieai llgtires 
were studieil one minute, followed by a two-mimite test, ituring 
which the recognisaxl forms were eaneelb‘«l from a wermtl sheet 
containing the original and twenty-five new figures. 

5. Verbal memory. The "House on h’ire” test was rend. 
Computations show the number of details rememtiereil. 


1. IhsTRUitmoN or iNiuvim Aus 
Table I shovra the <listributu»n of the individual in the s«>v. 
eral functions. 
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The graphs A-E are "based on Table 1, the scales reading from left to 
right representing the ranges from least to greatest abilities. The vertical 
heights represent the number of individuals. A. Auditor 7 Memory (digits). 
B. Visual Memory (digits). C. Substitution. B. Beeognition. E. Auditory- 
Memory (connected ideas). 
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Figure 1 shows graphically the distribution of individuals. 
On the whole the figures do not diiffer greatly from the “ normal^ ’ 
or ''chance’’ form of distribution. Figures A and B, for audi- 
tory and visual memory respectively, approximate the "normal” 
distribution quite closely. Figure C, for the substitution test, 
is fairly regular, and likewise figure D, for the recognition test, 
except for the depression just where the mode would be expected. 
Figure E, for auditory memory of verbal sense material, is skewed 
toward the upper end. 

2. C 0 REEI 1 A.TION OF Tests 

CoeflS.eients of correlation were computed by means of the 
familiar formula : 

__ 6 2D* 

^ — nfw* — 1) 

Table II gives the correlations for the 197 subjects. 

TABLE n 

Visual Auditory Auditory 


Visual memory (digits) 

Memory 

(digits) 

Memory 

(digits) 

+0.41 

Memory 

(ideas) 

+0.07 

Recog- 

nition 

+0.21 

Substi- 

tution 

+0.19 

Auditory memory (digits) 

+0.41 


+0.25 

+0.25 

+0.26 

Aud. memory (connected ideas) 

+0.07 

+0.25 


+0.09 

+0.28 

Recognition 

+0.21 

+0.25 

+0.09 


+0.34 

Substitution 

+0.19 

+0.26 

+0.28 

+0.34 



Average 

+0.22 

+0.29 

+0.16 

+0.22 

+0.26 


The correlations are all positive, but are for the most part 
low. The highest coefficient +0.41, existing between visual and 
auditory memory, might be expected. The coefficient of +0.34 
between recognition and the code test is next in order of magni- 
tude, followed by +0.28 between verbal memory and the code 
test. The lowest correlations are +0.07 and +0.09, the former 
between verbal and visual memory and the latter between verbal 
memory and recognition. On the whole the correlations with 
the auditory memory test were highest (average +0.29), closely 
followed by the code test (average +0.26), with the recognition 



1916] Oates: Correlations in Memory and ii(ubstitiition IWl) 

test and the visual memory test (average +0-22 in each case) 
next in order, and lastly the verbal memory tc^st, whose average 
coeflSlcient was but +0-16- 


3. CORUELATIONS FOR THE SkpAUATELY 

Table III shows the correlations for the two sexes tak(*n 
separately. 


TABLE 111 
63 Mrs 



ViHlUll 

Auditory 

Auditory 


Sulmti- 

ttttiou 


Momtiry 

(digItH) 

Momory 

(tUgltw) 

Mi'inory 

(idoHH) 

Uorog* 

nition 

Visual memory (digits) 


40.43 

4*0.06 

4 0.31) 

40.06 

Auditory momory (digits) 

4 o.4:t 


. } O.U) 

4 0.43 

4 0.30 

Aud. memory (connoe,t(?<l i<l(*HH) 

4-(i.()« 

4 0. 10 


4 0.10 

4 0.^7 

Eecognition 

+o.a» 

4 0.43 

4 0. 10 


1 0.43 

Substitution 

4-(i.(i« 

4dt30 

4 0.37 

4 0.40 


Average 

+o.:2i 

4 0.31) 

( O.IH 

4 0.:i3 

f «.3.’t 


134 W<iMKN 


Visual memory (<UgitH) 

Memory 

(digUft) 

Audit«iry 

Momory 

(digitii) 

I 0.40 

AutUtory 

( idono) 
44).03 

Uorog 

ultOiii 

4 0.14 

Hultuti 

tution 

4 0.L3 

Auditory memory (<ligitH) 

40.40 


4 0. 10 

4 0.30 

f 047 

Aud. memory (connectcul ideas ) 

40.U3 

4 0.10 


4 0.06 

4 0.33 

Eecognition 

40.14 

4 0.30 

4 0.06 


4 t».3H 

Substitution . 

4 0.13 

f0.l7 

4 0.33 

4 0.3H 


Average 

4 0.17 

40.33 

f 0.10 

4 0.17 

1 0.30 


The separate corrt^lationH for the. sexes are strikingly sirnilnr. 
The coeffichmt l)(‘twt»(»n visual and auditory memory is higlu*Ht 
for both sextns and that for verbal memory and visual <UgitH is 
lowest. A Pearson cot^flicitmi of -10.54 (♦xists lH*twt‘(*u the ortler 
of these singh^ corr<*lations for the s<*xeH. For the wommi, the 
auditory digit test has the highc'st avtwage correlation with all 
others, while in the casi*. of the men the r<*cognitiou lest leads. 
Verbal numiory has thc^ low<*st av(*rage correlation f<»r both sexes. 
A P(*Hrson eo(^fl[i<nent of -f ^h41 is found between tlu^se average 
corredations for the st^xes. 
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The correlations of the men are larger in nearly every case^ 
the only exceptions being the correlation between substitution 
and visual digits, in which the women show the larger coefficient, 
and the correlation between verbal memory and auditory digits, 
in which the sexes are equal. 

4. Sks: Differences nsr Efficiency 

Table IV gives the mean score obtained by the sexes separ- 
ately and a relative score using a score of 100.0 for the women 
as a basis. 


TABLE IV 

Score of 



r~f ^ 

134 women 

63 men 

Relative 
score, men 

Visual memory (digits) 

..... 8.107 

8.0 

98.6 

Auditory memory (digits) 

..... 7.54 

7.48 

99.7 

Auditory memory (eonneeted ideas) 

.... 13.7 

12.6 

91.9 

Recognition 

12.7 

12.8 

100.7 

Substitution 

..... 172.8 

178.9 

103.5 


The results, so far as the memory tests are concerned, are in 
harmony with the generally accepted belief, i.e., that women 
excel in this kind of work. The amounts by which the women 
excel are small, except in the case of verbal memory, in which 
they surpass the men by 8.1 per cent. The men excel slightly 
in the substitution test, but the difference is not great. 

5. Summary 

1. A fairly uniform distribution of individuals is found for 
the several functions. 

2. Positive correlations ranging from +0.07 to +0.41 are 
found between the functions. 

3. The correlations for the sexes separately are very similar, 
although those for the men are higher in nearly every case. 

4. The women excel slightly in the memory tests, while the 
men are somewhat superior in the substitution test. 


Trammitted February ^6, 1916, 
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